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The effects of sesamin, one of the most abundant lignans in sesame seed, on hepatic fatty acid oxidation were examined in rats 
that were fed experimental diets containing various amounts (0%, 0.1%, 0.2%, and 0.5%) of sesamin (a 1:1 mixture of sesamin 
and episesamin) for 15 days. Dietary sesamin dose-dependently increased both mitochondrial and peroxisomal palmitoyl- 
coenzyme A (CoA) oxidation rates. Mitochondrial activity almost doubled in rats on the 0.5% sesamin diet. Peroxisomal 
activity increased more than 10-fold in rats fed a 0.5% sesamin diet in relation to rats on the sesamin-free diet. Dietary sesamin 
greatly increased the hepatic activity of fatty acid oxidation enzymes, including carnitine palmitoyltransferase, acyI-CoA 
dehydrogenase, acyI-CoA oxidase, 3-hydroxyacyI-CoA dehydrogenase, enoyI-CoA hydratase, and 3-ketoacyl-CoA thiolase. 
Dietary sesamin also increased the activity of 2,4-dienoyI-CoA reductase and ~z,A2-enoyI-CoA isomerase, enzymes involved in 
the auxiliary pathway for 13-oxidation of unsaturated fatty acids dose-dependently. Examination of hepatic mRNA levels using 
specific cDNA probes showed a sesamin-induced increase in the gene expression of mitochondrial and peroxisomal fatty acid 
oxidation enzymes. Among these various enzymes, peroxisomal acyI-CoA oxidase and bifunctional enzyme gene expression 
were affected most by dietary sesamin (15- and 50-fold increase by the 0.5% dietary level). Sesamin-induced alterations in the 
activity and gene expression of carnitine palmitoyltransferase I and acyI-CoA oxidase were in parallel with changes in the 
mitochondrial and peroxisomal palmitoyI-CoA oxidation rate, respectively. In contrast, dietary sesamin decreased the hepatic 
activity and mRNA abundance of fatty acid synthase and pyruvate kinase, the lipogenic enzymes. However, this lignan 
increased the activity and gene expression of malic enzyme, another lipogenic enzyme. An alteration in hepatic fatty acid 
metabolism may therefore account for the serum lipid-lowering effect of sesamin in the rat. 
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S ESAMIN, one of the most abundant lignans in sesame seed 
and oil, profoundly influences lipid metabolism in experi- 

mental animals. Sesamin feeding is associated with reduced 
serum levels of triacylglycerol, ~-3 cholesterol, 2-s and phospho- 
lipid 1 in rodents. This compound is also effective to prevent an 
increase in serum triacylglycerol following ethanol consump- 
tion in the rat. 6 The cholesterol-lowering effect of sesamin is 
also demonstrated in humans. 7 In addition, dietary sesamin 
reduces hepatic concentrations of triacylglycerol 2,4,s and choles- 
terol 1,4,5,8 but increases phospholipid levels accompanying liver 
hypertrophy? ,2,4,8 although temporally. 5 With regard to the 
mechanism underlying the hypocholesterolemic effect of di- 
etary sesamin, Hirose et al 4 demonstrated in rats that it 
increased fecal cholesterol excretion and reduced the hepatic 
activity of 3-hydroxy-3-methylglutaryl-coenzyme A (CoA) re- 
ductase, a rate-limiting enzyme in cholesterol biosynthesis. It is 
therefore plausible that dietary sesamin decreases serum choles- 
terol through combined effects on the intestinal absorption and 
hepatic synthesis of cholesterol. 

A plausible alternative factor modifying serum lipid concen- 
trations is a change in the rate of fatty acid synthesis and 
oxidation in the liver. Alterations in fatty acid synthesis 9 and 
oxidation 1°,1I modify the availability of fatty acids for triacyl- 
glycerol synthesis, in turn altering very-low-density lipoprotein 
production by the liver. Diverse chemicals called peroxisome 
proliferators, which include the hypolipidemic agent clofibrate 
and related compounds, have been demonstrated to enhance 
hepatic fatty acid oxidation and consequently reduce serum 
lipid levels. H-13 These compounds, like sesamin, cause liver 
hypertrophy accompanying an increase in the hepatic phospho- 
lipid level. We therefore hypothesized that sesamin is an inducer 
of hepatic fatty acid oxidation which thus reduces serum lipid 
levels. We demonstrate in the present study that sesamin greatly 
increases the activity and gene expression of hepatic mitochon- 
drial and peroxisomal fatty acid oxidation enzymes. Although 

confirmation is still required, the results also indicate that 
sesamin, similar to clofibrate and related compounds, induces 
hepatic fatty acid oxidation through a mechanism involving the 
peroxisome proliferator-activated receptor (PPAR), a member 
of the nuclear receptor superfamily. 

MATERIALS AND METHODS 

Materials 

Malonyl-CoA was purchased from Sigma Chemical (St Louis, MO). 
3-Keto-octanoyl-CoA was enzymatically prepared according to the 
method of Thorpe. TM Other acyl-CoA compounds used as substrates for 
enzyme activity assays were prepared as detailed previously. 15,16 
Bovine serum albumin fraction V (essentially fatty acid-free) was 
obtained from Boehringer (Mannheim, Germany). [1-14C]palmitic acid, 
[e~-32p]dCTP, and nylon filtrate (Hybond N +) were purchased from 
Amersham International (Little Chalfont, Buckinghamshire, UK). Sesa- 
rnin (a 1:1 mixture of sesar~fin and episesamin) was a gift from Suntry 
(Osaka, Japan). 
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Animals and Diets 

Male Sprague-Dawley rats obtained from Charles River (Kanagawa, 
Japan) were housed individually in a room with controlled temperature 
(20 ° to 22°C), humidity (55% to 65%), and lighting (lights on from 7 AM 
to 7 PM) and fed a commercial nonpurified diet (type NMF; Oriental 
Yeast, Tokyo, Japan). After 7 days of acclimatization to the housing 
conditions, rats were randomly divided into four groups and fed purified 
experimental diets containing various amounts of sesamin (0% to 0.5%) 
for 15 days. The basal composition of purified experimental diets was as 
follows (in weight %): 20 casein, 15 corn starch, 15 palm oil, 2 
cellulose, 3.5 mineral mixture, 17 1.0 vitamin mixture, 17 0.3 oL- 
methionine, 0.2 choline bitartrate, and sucrose to 100. Sesamin was 
added to the experimental diets in lieu of sucrose. 

Enzyme Assays 

Upon termination of the experimental period, the rats were anesthe- 
tized using diethyl ether and killed by bleeding from the abdominal 
aorta. The livers were then quickly excised. About 3 g of each liver was 
homogenized with 7 vol 0.25-mol/L sucrose containing 1 mmol/L 
EDTA and 3 mmol/L Tris hydrochloride (pH 7.0) and centrifuged at 
500 × g for 10 minutes. The supematant fraction was centrifuged at 
9,000 × g for 10 minutes to isolate the mitochondria. The mitochondrial 
fraction was washed twice with 0.25 mol/L sucrose containing 1 
mmol/L EDTA and 3 mmol/L Tris hydrochloride (pH 7.0) and finally 
suspended in the same medium. The rates of mitochondrial and 
peroxisomal oxidation of fatty acids were measured in the whole-liver 
homogenate using a [1-14C]palmitoyl-CoA substrate as detailed else- 
whereJ 5,16 The activity of hepatic fatty acid oxidation enzymes was 
analyzed as detailed previously. 15,16 Camitine palmitoyltransferase I 
activity was measured radiochemically using freshly isolated mitochon- 
dria. Carnitine palmitoyltransferase activity was also measured spectro- 
photometrically in a freeze-thawed preparation of whole homogenate. 
The activity of acyl-CoA dehydrogenase was analyzed using isolated 
mitochondria as an enzyme source. The activities of other fatty acid 
oxidation enzymes were measured in the whole-liver homogenate. 
Malic enzyme, pyruvate kinase, and fatty acid synthase activities were 
measured using the 9,000 × g supernatant fraction of liver homog- 
enate. 15:6,18 The activity of glutamate dehych-ogenase, a marker enzyme 
for mitochondria, was measured in both the whole homogenate and 
isolated mitochondria as described elsewhere. 19 The rate of mitochon- 
drial oxidation of fatty acids and the activity of carnitine palmitoyltrans- 
ferase I were measured on the day of slaughter using fresh enzyme 
preparations, and other enzymes were analyzed using enzyme prepara- 
tions stored at -40°C for up to 10 days. 

Preparation of cDNA Probes 

cDNA probes to detect the respective mRNAs for acyl-CoA oxi- 
dase, 2° peroxisomal bifunctional enzyme, 21 mitochondrial trifunctional 
enzyme subunits c~ and [3, 22 and 2,4-dienoyl-CoA reductase 23 were all 
the same as described previously. Reverse transcripdon-polymerase 

chain reaction (PCR) was used to prepare cDNA probes for the other 
fatty acid oxidation and synthesis enzymes using a kit (Gene Amp RNA 
PCR kit; Perkin Elmer, Foster City, CA) according to the procedures 
recommended by the manufacturer, with slight modifications. Specific 
sense and antisense primers used for PCR preparation of the respective 
cDNAs are shown in Table 1. The primers were chosen from cDNA 
sequences available in the GenBank data base (accession number: 
carnitine palmitoyltransferase II, J05470; long-chain acyl-CoA dehydro- 
genase, 305029; peroxisomal 3-ketoacyl-CoA thiolase, J02749; short- 
chain A3,A2-enoyl-CoAisomerase, M61112; fatty acid synthase, J03514; 
and L-type pyruvate kinase, M17685), except for carnitine palmitoyl- 
transferase I, mitochondrial 3-ketoacyl-CoA thiolase, and malic en- 
zyme. The primers for malic enzyme were chosen from the cDNA 
sequence reported by Magnuson et al,24 and primers for mitochondrial 
3-ketoacyl-CoA thiolase were from the sequence reported by Arakawa 
et al. 25 The primers used for amplification of carnitine palmitoyltransfer- 
ase I cDNA were the same as those reported by Asins et al. 26 DNA 
sequences of the amplification products were partially determined by 
direct sequencing to confirm their identities with reported cDNA 
sequences of corresponding enzymes. The PCR products were purified 
by agarose gel electrophoresis and used as probes to detect mRNAs for 
the respective enzymes. The cDNA probe for 13-actin was provided by 
Wako Pure Chemicals (Osaka, Japan). 

RNA Analysis 

Hepatic RNA was extracted by the acid guanidium thiocyanate-phenol- 
chloroform method. 27 RNA samples (40 pg) were denatured and applied 
to a nylon membrane using a slot-blot apparatus (Bio-Rad Laboratories, 
Hercules, CA) and fixed with UV irradiation. Northern blot analysis 
was performed by standard procedures. RNA samples (40 ~tg) were 
denatured and electrophoresed on a 1.1% agarose gel containing 0.66 
mol/L formaldehyde and then transferred to a nylon membrane and 
fixed with UV irradiation. RNAs on nylon membranes were hybridized 
with specific cDNA probes labeled with [c~-3Zp]dCTP and quantified by 
an imaging analyzer (Bio-Rad Laboratories). 

Lipid Analysis 

Serum and liver triacylglycerol and phospholipid concentrations 
were measured as described previously. 28 Serum cholesterol, free fatty 
acid, and glucose concentrations were measured using commercial 
enzyme kits (Wako Pure Chemicals). Liver cholesterol was analyzed as 
described previously.ll 

Statistical Analysis 

The data were analyzed by the method of Snedecor and Cochran 29 as 
detailed elsewhere, 3° and significant differences in mean values were 
determined at a P level less than .05. 

Table 1. Primers for PCR Preparation of cDNA Probes 

Enzyme Sense Primer Antisense Primer 

Carnitine palmitoyltransferase I 
Carnitine palmitoyltransferase II 
Long-chain acyI-CoA dehydrogenase 
Mitochondrial 3-ketoacyI-CoA thiolase 
Short-chain &3,z~2-enoyI-CoA isomerase 
Peroxisomal 3-ketoacyI-CoA thiolase 
Fatty acid synthase 
Malic enzyme 
L-Pyruvate kinase 

5'-GCAG GGATACAGAGAGGAGG-3' 
5'-ACACCAG CTACATCTCAG G C-3' 
5'-GGAGAAGTGAGTAGAGAGCT-3' 
5'-AG GTGTGTI-IATCGI-rG CTG C-3' 
5'-TGACAAGAGCATCCGAGGTG-3' 
5'-GTGAAGCCAAAGCCTGAGTG-3' 
5'-CTGAATCTGAGTATCCTG CTG -3' 
5'-CTATTGTG GTGACTGATGGAG-3' 
5'-AAGTTCCAGACAAG G G GTGAT-3' 

5'-GGAAAGGTGAGTCGACTGC-3' 
5'-TCG GGAAGTCATCTAGG CAG-3' 
5'-TGTCTCACGTAG-i-rCCTG GT-3' 
5'-G CCTTAACTCGTGAACCAG G -3' 
5'-AGTTCTG GATGTTAGCCTCTC-3' 
5'-TTCCCAG CTTCTCCACACAG -3' 
5'-TGTTGATGATAGACTCCAG G C-3' 
5'-TCTGACACTTG CTG G GATATG-3' 
5'-ACGGTAGAGCAAG G GGAAGA-3' 
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RESULTS 200 

There were no significant differences in food intake (21 to 23 
g/d) and growth (147 to 153 g/15 d) among the rat groups. 180 
Dietary sesamin increased the liver weight of rats dose- 
dependently (5.65 + 0.20, 5.69 2 0.22, 6.21 4- 0.21, and 
7.61 4- 0.23 g/100 g body weight for control, 0.1% sesamin, 160 
0.2% sesamin, and 0.5% sesamin groups, respectively). The 
difference between the control group and the 0.5% sesamin 

140 group was statistically significant (P < .05). 

Activity of Hepatic Fatty Acid Oxidation Enzymes ,-~ 
120 

Since dietary sesamin considerably increased the liver weight 
of the animals, the enzyme activity was calculated as total I, 
activity (micromoles per minute per liver per 100 g body 
weight) and the results are presented as a percentage of the 
values in rats fed a sesamin-free diet (Figs 1 and 2). Similar 
sesamin effects on fatty acid oxidation enzyme activities were 
confirmed even when expressed in terms of the specific activity 
(nanomoles per minute per milligram of protein). 

Dietary sesamin increased mitochondrial and peroxisomal 
fatty acid oxidation rates dose-dependently. The diet containing 
0.5% sesamin nearly doubled the mitochondrial activity and 
increased the peroxisomal activity more than 10-fold compared 
with the diet free of sesamin (Fig 1). 

We also examined the effect of sesamin on the activity of 
various enzymes of fatty acid oxidation in rat liver (Fig 2). The 
activity was analyzed using the whole homogenate as an 
enzyme source, except for camitine palmitoyltransferase I and 
acyl-CoA dehydrogenase, for which the activity was measured 
using isolated mitochondria. To express the activity of these 
enzymes as total activity, the activity of a marker enzyme for 100 
mitochondria (glutamate dehydrogenase) was measured in both 0 
the whole homogenate and the mitochondrial fractions, and the 
recovery of cell organelles from the whole homogenate was 
calculated by the activity of glutamate dehydrogenase found in 
isolated mitochondria. Dietary sesamin increased the total 
activity of glutamate dehydrogenase in the liver homogenate 
dose-dependently (1,518 4- 86, 1,713 4- 68, 1,974 __ 92, and 
2,073 4- 34 pmol/min/liver/100 g body weight for rats fed diets 
containing 0%, 0.1%, 0.2%, and 0.5% sesamin, respectively). 
Dietary sesamin considerably increased the recovery of mito- 
chondria (24.8% 4- 1.2%, 33.6% 4- 3.9%, 36.9% 4- 2.1%, and 
48.3% 4- 6.1% for rats fed diets containing 0%, 0.1%, 0.2%, 
and 0.5% sesamin, respectively). The differences in glutamate 
dehydrogenase activity and mitochondrial recovery between the 
control group and the 0.2% and 0.5% sesamin groups were 
statistically significant (P < .05). Dietary sesamin also in- 
creased the hepatic mitochondrial protein content. It was 341 4- 
24 mg/liver/100 g body weight in rats fed a diet free of sesamin 
and increased as the dietary level of sesamin increased 
(364 4- 23, 428 4- 38, and 583 4- 50 rag/liver/100 g body 
weight in rats fed diets containing 0.1%, 0.2%, and 0.5% 
sesamin, respectively). The difference in mitochondrial protein 
content between the control group and the 0.5% sesamin group 
was statistically significant (P < .05). 

Sesamin increased hepatic fatty acid oxidation enzyme 
activity dose-dependently (Fig 2A to I). Even at a 0.1% dietary 
level, sesamin detectably increased hepatic fatty acid oxidation 
enzyme activity, and significant differences relative to a sesamin- 
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Fig 1. Effect of sesamin on mitochondrial (A) and peroxisomal (B) 
palmitoyI-CoA oxidation rate in rat liver. Rats were fed experimental 
diets containing various amounts of sesamin (0%-0.5%) for 15 days. 
Activities were calculated as total activity (ixmol/min/liver/100 g 
body weight) and are presented as a percentage of the activity in rats 
fed a sesamin-free diet. Mitochondrial and peroxisomal palmitoyl- 
CoA oxidation rates in rats fed a sesamin-free diet were 2.17 _+ 0.12 
and 2.54 _+ 0.11 iLmol/min/liver/100 g body weight, respectively. 
Values are the mean -+ SE of 7-8 rats. *P  < .05 vsesamin-free group. 

free diet were generally observed with diets containing 0.2% 
and 0.5% sesamin. However, the magnitude of the response to 
dietary sesamin of the respective enzymes was considerably 
different. The activities of carnitine palmitoyltransferase I, 
acyl-CoA dehydrogenase, and enoyl-CoA hydratase measured 
with crotonyl-CoA and trans-2-octenoyl-CoA substrates were 
two to 2.5 times higher in rats fed a 0.5% sesamin diet versus 
those fed a sesamin-free diet (Fig 2A, C, and E). Dietary 
sesamin more profoundly increased the activities of other 
enzymes. Carnitine palmitoyltransferase activity (Fig 2B) mea- 
sured spectrophotometrically in a freeze-thawed preparation of 
whole homogenate was fourfold higher in rats fed a 0.5% 
sesamin diet versus those fed a sesamin-free diet. The magni- 
tude of the response was therefore greater than that observed 
with carnitine palmitoyltransferase activity measured radio- 
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Fig 2. Effect of sesamin on the activity of fatty acid oxidation 
enzymes in rat liver. The experiment was the same as described in Fig 
1. Activities were calculated as total activity and are expressed as a 
percentage of the activity in the sesamin-free group. Carnitine 
palmitoyltransferase I and acyI-CoA dehydrogenase activities were 
analyzed using the mitochondrial fraction as an enzyme source. 
Other enzyme activities were measured using the whole homog- 
enate as an enzyme source. Carnitine palmitoyltransferase I activity 
was analyzed radiochemically in freshly isolated mitochondria (A). 
Carnitine palmitoyltransferase activity was also analyzed spectropho- 
tometrically in the whole homogenates (B). AcyI-CoA dehydrogenase 
and acyl-CoA oxidase activity are shown in C and D, respectively. 
PalmitoyI-CoA was used as a substrate to assay these enzymes. 
Enoyl-CoA hydratase activity (E) was assayed using crotonyI-CoA (O) 
and tran~2-octenoyI-CoA (O) substrates. AcetoacetyI-CoA was used 
as a substrate for 3-hydroxyacyI-CoA dehydrogenase to assay the 
activity (F). 3-KetoacyI-CoA thiolase activity (G) was analyzed using 
acetoacetyI-CoA (©) and 3-keto-octanoyI-CoA (O) substrates. Sorboyl- 
CoA was used as a substrate for 2,4-dienoyI-CoA reductase to assay 
the activity (H). trans-3-HexenoyI-CoA was used as a substrate for 
A3,AZ-enoyI-CoA isomerase to assay the activity (I). Enzyme activity in 
rats fed a sesamin-free diet was (in i~mol/min/liver/100 g body 
weight) as follows: carnitine palmitoyltransferase I, 2,02 -+ 0.12; 
carnitine palmitoyltransferase, 4.75 -+ 0.80; acyI-CoA dehydrogenase, 
18.2 -+ 1.7; acyl-CoA oxidase, 2.14 ± 0.19; enoyI-CoA hydratase, 
2,304 -+ 117 using crotonyI-CoA and 2,088 -+ 65 using trans-2-octenoyl- 
CoA substrates; 3-hydroxyacyI-CoA dehydrogenase, 380 +- 26; 3-keto- 
acyI-CoA thiolase, 75.3 +_ 6.2 using acetoacetyI-CoA and 106 _ 8 using 
3-keto-octanoyI-CoA substrates; 2,4-dienoyl-CoA reductase, 4.74 +- 
0.70; and A3,A2-enoyI-CoA isomerase, 25.3 +- 2.3. Values are the 
mean _+ SE of 7-8 rats. *P < .05 vsesamin-free group. 

chemically in isolated mitochondria (carnitine palmitoyltransfer- 
ase I activity). Also, the activity of 3-hydroxyacyl-CoA dehydro- 
genase was five times higher in the 0.5% sesamin group versus 
the control group. Dietary sesamin increased 3-ketoacyl-CoA 
thiolase activity measured with both acetoacetyl-CoA and 

3-keto-octanoyl-CoA substrates (Fig 2F and G). The increase by 
dietary sesamin was more prominent for activity measured 
using the 3-keto-octanoyl-CoA substrate versus the acetoacetyl- 
CoA substrate. The activity of peroxisomal acyl-CoA oxidase 
(Fig 2D) progressively increased as the dietary level of sesarnin 
increased, and the enzyme activity was 12-fold higher in rats 
fed a 0.5% sesamin diet versus those fed a sesamin-free diet. 

In addition to the activity of carnitine palmitoyltransferases 
and enzymes in the f3-oxidation cycle, we analyzed the activity 
of auxiliary enzymes (2,4-dienoyl-CoA reductase and A3,A2- 
enoyl-CoA isomerase) involved in the pathway for the oxida- 
tion of unsaturated fatty acids. Increasing the dietary level of 
sesamin progressively increased the activities of these enzymes, 
and the activities were more than sixfold higher in rats fed a 
0.5% sesamin diet versus those fed the control diet free of 
sesamin (Fig 2H and I). 

Gene Expression of Fatty Acid Oxidation Enzymes 

We analyzed the mRNA abundance of mitochondrial and 
peroxisomal fatty acid oxidation enzymes by slot-blot hybridiza- 
tion using specific cDNA probes (Figs 3 and 4). The values are 
expressed as a percentage of the value in rats fed a sesamin-free 
diet, designated as 100. Specific cDNA probes were used to 
discriminate the gene expression of camitine palmitoyltransfer- 
ases located in outer (carnitine palmitoyltransferase I) and inner 
(carnitine palmitoyltransferase II) mitochondrial membranes. 
Dietary sesamin increased the mRNA levels of both carnitine 
palmitoyltransferases I and II (Fig 3A and B). However, the 
extent of the increase was more marked with carnitine palmito- 
yltransferase II than with the enzyme isoform I. There are 
various acyl-CoA dehydrogenase molecules differing in sub- 
strate specificityY -33 The mRNA abundance of long-chain 
specific acyl-CoA dehydrogenase 32 was analyzed using a spe- 
cific cDNA probe. Sesamin administration significantly in- 
creased the gene expression of this mitochondrial enzyme 
dose-dependently (Fig 3C). The mitochondrial trifunctional 
enzyme possessing long-chain specific enoyl-CoA hydratase, 
3-hydroxyacyl-CoA dehydrogenase, and 3-ketoacyl-CoA thio- 
lase activities is composed of two subunits (c~ and 13) encoded 
by different genes.22 The gene expression of the enzyme a and [3 
subunits was coordinately induced by sesamin, and the diet 
containing 0.5% sesamin caused a threefold to fourfold increase 
in these values (Fig 3D and E). The hepatic mRNA level of 
mitochondrial 3-ketoacyl-CoA thiolase was increased by sesa- 
rain dose-dependently (Fig 3F). Compared with a sesamin-free 
diet, the diet containing 0.5% sesamin caused a 4.5-fold 
increment in the mRNA abundance of this mitochondrial 
enzyme. 

Of the enzymes involved in auxiliary pathways, at least two 
2,4-dienoyl-CoA reductases differing in molecular weight exist 
in mitochondria. 34,35 Since cDNA encoding a larger, but not a 
smaller, isoform has been cloned, 23 this cDNA was used to 
detect mRNA of 2,4-dienoyl-CoA reductase. Two different 
cDNAs for mitochondrial A3,A2-enoyl-CoA isomerase have 
been cloned and sequenced. 36,37 The cDNA probe used in this 
study was prepared according to the cDNA sequence reported 
by Pihlajaniemi and Hiltunen 36 for short-chain specific A3,A2_ 
enoyl-CoA isomerase. Dietary sesamin even at a 0.1% level 
increased 2,4-dienoyl-CoA reductase and A3,A2-enoyl-CoA 
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Fig 3. Effect of sesamin on the gene expression of mitochondrial fatty acid oxidation enzymes in rat liver. The experiment was the same as 
described in Fig 1. Values are expressed as a percentage of those for the sesamin-free group, cDNA probes specific for carnitine 
palmitoyltransferase I (A), carnitine palmitoyltransferase II (B), long-chain acyI-CoA dehydrogenase (C), mitochondrial trifunctional enzyme 
subunits ~ ( D )  a n d  [3 ( E ) ,  mitochondrial 3-ketoacyI-CoA thiolase (F), 2,4-dienoyI-CoA reductase (G), and short-chain A3,AZ-enoyI-CoA isomerase 
(H) were used to assay hepatic mRNA levels by slot-blot hybridization. Values are the mean "4- SE of 7-8 rats. * P  < . 0 5  v sesamin-free group. 

isomerase gene expression more than twofold (Fig 3G and H), 
and a diet containing 0.5% sesamin caused a sixfold increase in 
the reductase gene expression and a 10-fold increase in the 
isomerase gene expression. 

Dietary sesmnin also increased the abundance of mRNA for 
peroxisomal enzymes (Fig 4A to C). A diet containing 0.1% 
sesamin doubled the acyl-CoA oxidase mRNA level (Fig 4A). 
mRNA abundance was more than fivefold and 15-fold higher 
with 0.2% and 0.5% sesamin, respectively, versus a sesamin- 
free diet. Among the peroxisomal enzymes, the gene expression 
of peroxisomal bifunctional enzyme possessing both enoyl- 
CoA hydratase and 3-hydroxyacyl-CoA dehydrogenase activi- 

ties zl was affected most by dietary sesamin (Fig 4B). Sesamin 
as low as 0.1% caused a fivefold increase in the peroxisomal 
bifunctional enzyme mRNA level. Increasing the dietary level 
of sesamin progressively increased the gene expression of this 
enzyme, and it was more than 15 times higher on a 0.2% 
sesamin diet and 50 times higher on a 0.5% sesamin diet versus 
the control diets free of sesamin. Among the peroxisomal 
enzymes, the gene expression of peroxisomal 3-ketoacyl-CoA 
thiolase was affected least by sesamin, but it was six times 
higher on a 0.5% sesamin diet than on a sesamin-free diet (Fig 
4C). Dietary sesamin did not affect the expression of a 
housekeeping gene ([3-actin). The values for [3-actin gene 
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Northern blot analysis of mRNA for fatty acid oxidation 

enzymes in rat liver. The experiment was the same as described in Fig 
1. RNA samples (40 t~g) were denatured and subjected to electropho- 
resis on 1.1% agarose gel containing 0.66 mol/L formaldehyde, and 
then transferred to a nylon membrane and fixed wi th UV irradiation. 
RNA on nylon membranes was hybridized wi th radiolabeled cDNA 
probes specific for the mRNA of carnitine palmitoyltransferase I (A), 
carnitine palmitoyltransferase II (B), long-chain acyI-CoA dehydroge- 
nase (C), mitochondrial trifunctional enzyme subunits ~ (D) and 13 (E), 
mitochondrial 3-ketoacyI-CoA thiolase {F), 2,4-dienoyI-CoA reductase 
(G), short-chain A3,A2-enoyl-CoA isomerase (H), acyI-CoA oxidase (I), 
peroxisomal bifunctional enzyme (J), peroxisomal 3-ketoacyI-CoA 
thiolase (K), and [~-actin (L). Lanes 1 and 2, RNA from rats fed a 
sesamin-free diet; lanes 3 and 4, 0.1% sesamin diet; lanes 5 and 6, 
0.2% sesamin diet; lanes 7 and 8, 0.5% sesamin diet. 

expression were 100% +- 7%, 110% - 8%, 110% _+ 5%, and 
106% __ 5% for 0%, 0.1%, 0.2%, and 0.5% sesamin diets, 
respectively. A sesamin-dependent increase in the gene expres- 
sion of fatty acid oxidation enzymes as determined by slot-blot 
hybridization was further confirmed by RNA analysis by 
Northern-blot hybridization. Increasing dietary levels of sesa- 
min progressively increased the mRNA signal intensities for 
various fatty acid oxidation enzymes, while those for [3-aetin 
remained constant (Fig 5A to L). 

Activity and Gene Expression of Enzymes in Fatty Acid 
Synthesis 

Figure 6 shows the activity and gene expression of enzymes 
involved in fatty acid synthesis. Mammals have four types of 
pyruvate kinase, namely L, M1, M2, and R. 38 The L type is the 
major isozyme in the liver. MI predominates in muscle, heart, 
and brain. M2 is found only in fetal tissues, and R is specifically 
located in red blood cells. We therefore used cDNA for L 
isozyme as a probe to detect hepatic pyruvate kinase mRNA. 

Sesamin at a 0.1% dietary level reduced fatty acid synthase 
activity (Fig 6A) and gene expression (Fig 6D) to about half the 
levels obtained with a sesamin-free diet. However, increasing 
dietary levels of sesamin did not cause a further reduction of 
these indices. Pyruvate kinase activity (Fig 6B) and gene 
expression (Fig 6E) decreased as the dietary levels of sesamin 
increased. In contrast, increasing dietary levels of sesamin 
progressively increased both the activity (Fig 6C) and mRNA 
abundance (Fig 6F) of malic enzyme. They were approximately 
two times higher on a 0.5% sesamin diet versus a sesamin-free 
diet. Northern blot analysis of hepatic RNA in rats fed varying 
amounts of sesamin confirmed that dietary sesamin decreased 
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Fig 6. Effect of sesamin on the activity and gene expression of 
lipogenic enzymes in rat liver. The experiment was the same as 
described in Fig 1. Enzyme activities were calculated as total activity, 
and are presented as a percentage of that in the sesamin-free group. 
Gene expression is also presented as a percentage. The activities of 
fatty acid synthase (A), pyruvate kinase (B), and malic enzyme (C) 
were analyzed in the 9,000 x g supernatant fraction of liver homog- 
enate, and mRNA levels of fatty acid synthase {D), L-pyruvate kinase 
(E), and malic enzyme (F) were assayed using specific cDNA probes. 
Enzyme activity in rats fed a sesamin-free diet was (l~mol/min/liver/ 
100 g body weight) as follows: fatty acid synthase, 14.8 -+ 2.1, 
pyruvate kinase, 195 -+ 14; and malic enzyme, 41,5 _+ 4.3. Values are 
the mean -+ SE of 7-8 rats. *P < .05 vsesamin-free group. 
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Fig 7. Northern blot analysis of mRNA of lipogenic enzymes in rat 
liver. The experiment was the same as described in Fig 1. RNA 
samples were treated as described in Fig 5. RNA on nylon membrane 
was hybridized with radiolabeled cDNA probes specific for mRNA of 
fatty acid synthase (A), L-pyruvate kinase (B), and malic enzyme (C). 
Lanes 1 and 2, RNA from rats fed a sesamin-free diet; lanes 3 and 4, 
0.1% sesamin diet; lanes 5 and 6, 0.2% sesamin diet; lanes 7 and 8, 
0.5% sesamin diet. 

the mRNA level of fatty acid synthase (Fig 7A) and L-pyruvate 
kinase (Fig 7B), but progressively increased that of malic 
enzyme (Fig 7C). 

Serum and Liver Lipid Levels 

Dietary sesamin dose-dependently decreased serum triacyl- 
glycerol and free fatty acid concentrations (Table 2). Serum 
cholesterol was significantly lower in rats fed 0.1% and 0.2% 
sesamin diets versus those fed a sesamin-free diet. However, the 
value in rats fed a 0.5% sesamin diet was comparable to that in 
the animals fed a sesamin-free diet. Although no significant 
differences were found, similar changes were observed in the 
serum phospholipid concentration. Sesamin did not affect the 
serum glucose concentration. There were no significant differ- 
ences in the hepatic triacylglycerol concentration and content 
among groups. Hepatic cholesterol decreased as dietary levels 
of sesamin increased, and the value was significantly lower in 
rats fed a 0.5% sesamin diet than in those fed a sesamin-free 
diet. However, no significant differences were found among 
groups when the value was expressed in terms of the content. 
Sesamin dose-dependently increased the hepatic phospholipid 

concentration and content. Hepatic phospholipid content was 
75% higher in rats fed a 0.5% sesamin diet versus those fed a 
sesamin-free diet. 

DISCUSSION 

Sesamin Induces the Activity and Gene Expression of Hepatic 
Enzymes in Fatty Acid Oxidation 

The present study unequivocally demonstrates that sesamin 
greatly induces the activity and gene expression of hepatic 
enzymes involved in fatty acid oxidation. The extent of the 
increase with sesamin was more marked in peroxisomal versus 
mitochondrial activity as observed with a variety of chemical 
compounds called peroxisome proliferators.12,i3 Although histo- 
logical confirmation is still required, sesamin may therefore be 
considered a naturally occurring peroxisome proliferator. A 
sesamin-dependent increase in fatty acid oxidation activity was 
detectable at a dietary level as low as 0.1%. Polyunsaturated 
fatty acids of the n-3 series such as c~-linolenic, 15,16 eicosapen- 
taenoic, and docosahexaenoic, 39,4° have been demonstrated to 
induce hepatic fatty acid oxidation. But considerably higher 
amounts were required to obtain a detectable increase in hepatic 
fatty acid oxidation as compared with sesamin. I5,t6,39,4° Thus, 
sesamin appears to be the most potent inducer of hepatic fatty 
acid oxidation among the various naturally occurring com- 
pounds reported thus far. Although previous observations 1,2,4,~,8 
that sesamin decreased hepatic levels of triacylglycerol and 
cholesterol were not necessarily confirmed in the present study, 
it dose-dependently increased the hepatic phospholipid level 
accompanying liver hypertrophy as reported elsewhere. 1,2,4A8 
This observation indicates that dietary sesamin, like xenobiotic 
peroxisomal proliferators, may proliferate liver organelles includ- 

Table 2. Effects of Dietary Sesamin on Serum Lipid and Glucose 
Concentrations and Liver Lipid Levels (mean -+ SE) 

Sesamin- 0.1% 0.2% 0.5% 
Parameter F r e e  Sesamin Sesamin Sesamin 

Serum compo- 

nents 

(#mol/dL) 

Triacylglycero] 285 ± 46 

Cholesterol 265 _+ 20 

Phospholipid 349 -+ 29 

Free fatty acid 145 ± 17 

Glucose 979 _+ 39 

Liver lipids 

Concentration 

(pmol/g) 

Triacylglyc- 

erol 

Cholesterol 

Phospholipid 36.8 _+ 0.6 

Content (~Jmol/ 

liver/100 g 

body 

weight) 

Triacylglyc- 

erol 196 _+ 35 

Cholesterol 41.1 _+ 2.9 

Phospholipid 208 + 9 

269 +- 42 183 _+ 22* 97 _+ 12" 

221-+ 17" 214-- 17" 285± 10 

305 ± 18 311 _+ 10 354 ± 8 

109-+16 99.6_+8.3" 73.7+_4.5" 

906 +- 58 904 -+ 37 978 +- 40 

34.5±5.6 34.4_+3.5 31.7±3,0 29.8+3.4 

7.25 _+ 0.39 6.92 _+ 0.24 6,86 ± 0.24 6.15 _+ 0.23 ~ 

40,2 _+ 0.6* 43.4 ± 0.8* 47,8 _+ 1.0" 

199 -+ 28 196 -+ 19 227 ÷ 28 

39.5-+2.4 42.6±2,2 46.9_+2.8 

228 -+ 7 269 ± 8* 363 _+ 6* 

* P <  .05 vsesamin-free group. 
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ing mitochondria and peroxisomes and thus cause liver hypertro- 
phy accompanying an increase in the phospholipid level in this 
tissue. The increase in mitochondrial protein content and 
glutamate dehydrogenase activity in the liver of rats fed 
sesamin in the present study supports the proposal that sesamin 
at least causes a proliferation of mitochondria. 

Great diversity is characteristic of the [3-oxidation pathway. 
Several enzyme species differing in substrate specificity are 
involved at each enzyme step of the [3-oxidation cycle. The fatty 
acid oxidation enzyme activity measured in cell-free enzyme 
preparations therefore represents the sum of the activity of 
various enzymes at a given condition of enzyme assay. How- 
ever, a cDNA probe specific for each enzyme mRNA can 
discriminate the response for the gene expression of individual 
enzymes. In the present study, it was confirmed that dietary 
sesamin increased the gene expression of various enzymes in 
the mitochondrial and peroxisomal [3-oxidation pathway. 

In the present study, the increase with dietary sesamin was 
much higher for carnitine palmitoyltransferase activity mea- 
sured spectrophotometrically in freeze-thawed whole homog- 
enate versus the activity measured radiochemically in freshly 
isolated mitochondria. The latter activity represents carnitine 
palmitoyltransferase I activity. 41 Freezing-thawing mitochon- 
dria inactivates carnitine palmitoyltransferase I but not transfer- 
a s e  I I ,  41 indicating that the transferase activity measured 
spectrophotometrically using a freeze-thawed whole homog- 
enate may most likely represent transferase II activity. Consis- 
tent with this assumption, the analysis of mRNA levels using 
cDNA probes specific for carnitine palmitoyltransferase I and II 
showed that dietary sesamin increased the mRNA level of 
transferase II more than that of isozyme I. The mitochondrial 
palmitoyl-CoA oxidation rate paralleled the activity and gene 
expression of carnitine palmitoyltransferase I rather than the 
enzyme activity measured spectrophotometrically and camitine 
palmitoyltransferase II gene expression, supporting the consid- 
eration that the transferase I is a rate-limiting enzyme in 
mitochondrial fatty acid oxidation. 41 

Four distinct acyl-CoA dehydrogenase species differing in 
substrate specificity catalyze the first step of the mitochondrial 
[3-oxidation cycle of fatty acids with different chain length. 
These correspond to short- ,  32 medium-, 31 long-, 32 and very-long- 
chain 33 acyl-CoA dehydrogenases. Dietary sesamin increased 
mitochondrial acyl-CoA dehydrogenase activity measured with 
palmitoyl-CoA as a substrate accompanying an increase in the 
long-chain acyl-CoA dehydrogenase gene expression analyzed 
with a specific cDNA probe. The responses to dietary sesamin 
of the enzyme activity and gene expression correlated well with 
each other, indicating that the enzyme activity measured using 
long-chain acyl-CoA substrate most likely represents long- 
chain acyl-CoA dehydrogenase activity. It is also possible that 
dietary sesamin increases the activity and gene expression of 
other enzyme species differing in substrate specificity. 31-33 The 
measurement of enzyme activity using different acyl-CoA 
substrates differing in chain length and gene expression with 
cDNA probes specific for each enzyme is required to clarify this 
issue. 

At least three hepatic proteins, ie, mitochondrial trifunctional 
enzyme subunit c~, mitochondrial monofunctional short-chain 

specific enoyl-CoA hydratase, 42 and peroxisomal bifunctional 
enzyme, zl show enoyl-CoA hydratase activity. In the present 
study, 0.2% and 0.5% sesamin diets increased the gene expres- 
sion of mitochondrial trifunctional enzyme subunit a by 
2.7-fold and fourfold and peroxisomal bifunctional enzyme by 
18- and 50-fold, respectively. However, these sesamin diets 
caused only 1.3-fold and twofold increases, respectively, in 
enoyl-CoA hydratase activity. We observed that sesamin at a 
0.2% dietary level did not affect the mRNA level of mitochon- 
drial monofunctional short-chain specific enoyl-CoA hydratase 
(Ashakumary and Ide, unpublished observation, June 1998). 
The present assay condition for enoyl-CoA hydratase activity 
may therefore mainly detect the activity of mitochondrial 
short-chain specific enoyl-CoA hydratase rather than mitochon- 
drial and peroxisomal multifunctional enzymes, resulting in a 
response to sesamin that is lower than estimated from changes 
in the mRNA levels of these multifunctional enzymes. Alterna- 
tively, there is the possibility that alterations in the mRNA level 
may not be accompanied by parallel changes in the amount of 
enzyme protein. Examination of the alterations induced by 
dietary sesamin in the amount of these enzyme proteins using 
specific antibodies is required to clarify this point. 

Dietary sesamin increased the activity of 3-hydroxyacyl-CoA 
dehydrogenase measured using the acetoacetyl-CoA substrate 
accompanying the increase in gene expression of enzyme 
molecules possessing this enzyme activity (mitochondrial tri- 
functional enzyme subunit ~ and peroxisomal bifunctional 
enzyme). Since sesamin was effective in increasing the enzyme 
activity measured with the short-chain substrate, it may also 
increase the gene expression of mitochondrial short-chain 
specific 3-hydroxyacyl-CoA dehydrogenase. 43 

Sesamin increased 3-ketoacyl-CoA thiolase activity mea- 
sured with both acetoacetyl-CoA and 3-keto-octanoyl-CoA 
substrates. However, the extent of the increase was more 
marked with the 3-keto-octanoyl-CoA substrate versus the 
acetoacetyl-CoA substrate. It is plausible that the enzyme 
activity measured with the latter substrate represents the sum of 
the activities for mitochondrial and peroxisomal enzyme mol- 
ecules possessing 3-ketoacyl-CoA thiolase, acetoacetyl-CoA 
thiolase in the mitochondrial ketogenic pathway, and cytosolic 
acetoacetyl-CoA thiolase in the cholesterogenic pathway, as 
well. Since it is expected that these enzymes are under different 
control mechanisms, the change induced by dietary sesamin in 
the enzyme activity obtained with 3-keto-octanoyl-CoA repre- 
sents the more exact figure for the response of hepatic 3-ketoacyl- 
CoA thiolase. In fact, we previously showed a6 that dietary 
e~-linolenic acid, an inducer of hepatic [3-oxidation, increased 
the enzyme activity measured with the acetoacetyl-CoA sub- 
strate in the 500 × g supernatant fraction of the liver homog- 
enate, but not in the cytosolic fraction. As expected, dietary 
sesamin increased the gene expression of all enzyme molecules 
possessing 3-ketoacyl-CoA thiolase, including mitochondrial 
trifunctional enzyme subunit [3 and mitochondrial and peroxi- 
somal 3-ketoacyl-CoA thiolases. 

Dietary sesamin greatly increased the gene expression of 
acyl-CoA oxidase. The changes observed paralleled those for 
the peroxisomal palmitoyl-CoA oxidation rate and acyl-CoA 
oxidase activity, supporting the concept that acyl-CoA oxidase 
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is an enzyme that regulates peroxisomal fatty oxidation. 13,2° The 
marked increase by sesamin in the gene expression of peroxi- 
somal bifunctional enzyme supports its role as a potent inducer 
of peroxisomes. The extent of the increase in gene expression 
was considerably low in peroxisomal 3-ketoacyl-CoA thiolase 
among the peroxisomal enzymes, and was only slightly higher 
than that for mitochondrial 3-ketoacyl-CoA thiolase. It has been 
demonstrated that peroxisome proliferators such as clofibrate 
and di-(2-ethylhexyl)phthalate increase the mRNA levels of 
both mitochondria144 and peroxisoma145 3-ketoacyl-CoA thio- 
lases. However, studies comparing the effects of peroxisome 
proliferators on the gene expression of these enzyme molecules 
are lacking. 

2,4-Dienoyl-CoA reductase and A3,AZ-enoyl-CoA isomerase 
are auxiliary enzymes required for degradation by the [3-0xida- 
tion pathway of unsaturated fatty acids. 23,34-37 In the present 
study, dietary sesamin increased not only the activity and 
mRNA level of carnitine palmitoyltransferases and various 
enzymes involved in the [3-oxidation cycle but also those of 
2,4-dienoyl-CoA reductase and 2~3,A2-enoyl-CoA isomerase. 
Thus, these auxiliary enzymes are coordinately regulated with 
other [~-oxidation enzymes. In this context, peroxisome prolif- 
erators like clofibrate induce the activity and gene expression of 
these auxiliary enzymes. 35 

Sesamin Effects on the Activity and Gene Expression of 
Hepatic Enzymes in Fatty Acid Synthesis 

The present study demonstrates that sesamin affects not only 
hepatic fatty acid oxidation but also synthesis. Pyruvate kinase, 
an enzyme involved in the glycolytic pathway in the liver, is 
coordinately regulated with other enzymes involved in lipogen- 
esis, and is considered to participate in the regulation of fatty 
acid synthesis. 38,46 Dietary sesamin decreased the activity and 
gene expression of fatty acid synthase and pyruvate kinase. 
Although sesamin increased the activity and gene expression of 
malic enzyme, the results possibly indicate that this compound 
increases fatty acid oxidation but reduces fatty acid synthesis in 
the liver. Sesamin behaves like a peroxisome proliferator in 
modulating fatty acid oxidation, but peroxisome proliferators 
such as clofibrate 47 and Wy-14,64348 did not affect the activity 
of hepatic lipogenic enzymes including fatty acid synthase, 
acetyl-CoA carboxylase, glucose-6-phosphate dehydrogenase, 
and ATP-citrate lyase. Therefore, sesamin appears to be distinct 
from other peroxisome proliferators in its effect on hepatic fatty 
acid synthesis. 

The potential role of the PPAR, a member of the nuclear 
receptor superfamily, in regulating lipid metabolism has been 
well demonstrated. 49,5° Various types of PPAR (c~, ~l, "Y2, and 8) 
have been identified in rodents and humans. PPARo~ is highly 
expressed in liver and may play a crucial role in regulating lipid 
metabolism in this tissue. 49,5° Peroxisome proliferators activate 
PPAR to induce gene expression of hepatic fatty acid oxidation 
enzymes. Aoyama et aP 8 demonstrated that not only peroxi- 
somal but also mitochondrial fatty acid oxidation enzyme gene 
expression is regulated through a PPARc~-dependent mecha- 
nism. There is no evidence to support the involvement of PPAR 
in regulating the gene expression of enzymes in fatty acid 
synthesis, except for malic enzyme. 48-52 The available informa- 

tion 4a41 indicates that PPAR upregulates the expression of the 
gene encoding malic enzyme without influencing that of other 
enzymes involved in hepatic fatty acid synthesis. Despite the 
fact that sesamin decreased the activity and gene expression of 
fatty acid synthase and pyruvate kinase, it induced the activity 
and gene expression of malic enzyme in the present study. This 
observation supports the consideration that sesamin, like other 
peroxisome proliferators, induces the gene expression of he- 
patic fatty acid oxidation enzymes through a PPAR-dependent 
mechanism. A cotransfection assay 48,5° using cultured cells to 
demonstrate sesamin-dependent activation of PPAR is required 
to confirm this hypothesis. Sesamin may decrease the activity 
and gene expression of fatty acid synthase and pyruvate kinase 
through a mechanism independent of PPAR. 

Sesamin and Serum Lipids 

Examination of the enzyme activity in fatty acid oxidation 
and synthesis using liver homogenate and of the mRNA levels 
of corresponding enzyme proteins in the present study indicated 
that sesamin increases fatty acid oxidation but decreases fatty 
acid synthesis in the liver. Fukuda et aP 3 recently demonstrated 
that dietary sesamin increases ketone body production in 
perfused rat liver. Therefore, the sesamin-dependent increase in 
hepatic fatty acid oxidation enzyme activity apparently associ- 
ates with the enhancement of fatty acid oxidation in the intact 
tissue. A significant decrease with dietary sesamin in the serum 
free fatty acid concentration also supports the consideration that 
this compound increases hepatic fatty acid oxidation. An 
increase in hepatic fatty acid oxidation with a concomitant 
decrease in fatty acid synthesis may cause a decrease in the 
availability of fatty acid for triacylglycerol synthesis and 
consequently a decrease in the assembly and secretion of 
triacylglycerol-rich lipoproteins, 9-It,53 thus accounting for the 
serum lipid-lowering effect of sesaminJ -8 In the present study, 
sesamin decreased serum levels of triacylglycerol dose- 
dependently. Sesamin at 0.1% and 0.2% dietary levels also 
significantly decreased the serum cholesterol level, but sesamin 
at a 0.5% dietary level failed to decrease it. Changes in the 
serum phospholipid level paralleled changes in cholesterol. 
This observation suggests that a high dietary level of sesamin 
increases hepatic production of high-density lipoprotein that is 
rich in cholesterol and phospholipid and thus fails to decrease 
the serum cholesterol level. However, this consideration cannot 
be supported by the observation that peroxisome proliferators 
downregulate the gene expression of apolipoprotein C-I and 
C-II, 49,5° protein components of high-density lipoprotein in 
rodents. Further study is needed to clarify this point. 

In conclusion, the present study demonstrates that sesamin, a 
sesame seed lignan, greatly increases the activity and gene 
expression of hepatic fatty acid oxidation enzymes. The extent 
of the increase was more marked in peroxisomal than in 
mitoch0ndrial enzymes. In contrast, dietary sesamin decreased 
the activity and gene expression of fatty acid synthase and 
pyruvate kinase. Hence, sesamin increases hepatic fatty acid 
oxidation while it concomitantly decreases fatty acid synthesis. 
These changes in hepatic fatty acid metabolism may be 
responsible for the serum lipid-lowering effect of dietary 
sesamin. Despite the observation that sesamin decreased the 
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activity and gene expression of fatty acid synthase and pyruvate 
kinase, this compound, like peroxisome proliferators, increased 
the activity of malic enzyme and the expression of the gene 
encoding this enzyme possessing a peroxisome proliferator 

response element in the promoter region. 45,sl,52 Conceivably, 
therefore, sesamin may increase the gene expression of hepatic 
fatty acid oxidation enzymes through the PPAR signaling 
pathway. 
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