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Basic nutritional investigation

Ingested cocoa can prevent high-fat diet–induced obesity by regulating
the expression of genes for fatty acid metabolism
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bstract Objective: We previously found that ingested cocoa decreased visceral adipose tissue weight in rat.
To elucidate the molecular mechanisms of that effect, we carried out experiments aimed at analyzing
biochemical parameters and gene expression profiles.
Methods: Rats were fed either of two high-fat diets, differing only in supplementation with real or
mimetic cocoa. On day 21, body weights, mesenteric white adipose tissue weights, and concentra-
tions of serum triacylglycerol were measured. To investigate the molecular mechanisms underlying
the effects of cocoa on lipid metabolism and triacylglycerol accumulation, we examined gene
expression profiles in liver and mesenteric white adipose tissues using the GeneChip microarray
system.
Results: Final body weights and mesenteric white adipose tissue weights were significantly lower
in rats fed the real cocoa diet than in those fed the mimetic cocoa diet (P � 0.05), and serum
triacylglycerol concentrations tended to be lower in rats fed the real cocoa diet (P � 0.072). DNA
microarray analysis showed that cocoa ingestion suppressed the expression of genes for enzymes
involved in fatty acid synthesis in liver and white adipose tissues. In white adipose tissue, cocoa
ingestion also decreased the expression of genes for fatty acid transport-relating molecules, whereas
it upregulated the expression of genes for uncoupling protein-2 as a thermogenesis factor.
Conclusions: Ingested cocoa can prevent high-fat diet–induced obesity by modulating lipid me-
tabolism, especially by decreasing fatty acid synthesis and transport systems, and enhancement of
part of the thermogenesis mechanism in liver and white adipose tissue. © 2005 Elsevier Inc. All
rights reserved.

Nutrition 21 (2005) 594–601
www.elsevier.com/locate/nut
eywords: Cocoa; Antiobesity; DNA microarray; Fatty acid synthesis; Fatty acid transport; Thermogenesis

o
l
p
a
i
r
o
m
s
w
t

ntroduction

Cocoa has various effects that promote good health,
ncluding the improvement of mental relaxation [1] and
oncentration [2] and the prevention of dental caries in the
ase of cacao bean husk [3,4]. In particular, cacao liquor
olyphenols exert potent effects in terms of antioxidant
ctivity [5], inhibition of arteriosclerosis [6,7], modulation

* Corresponding author. Tel.: �81-45-571-2340; fax: �81-45-571-
109.
aE-mail address: n-matsui-jj@morinaga.co.jp.

899-9007/05/$ – see front matter © 2005 Elsevier Inc. All rights reserved.
oi:10.1016/j.nut.2004.10.008
f immune function [8], suppression of gastric mucosal
esions [9], and antimutagenicity [10]. We previously re-
orted on various favorable effects of cocoa, including its
ntibacterial effects on Escherichia coli O157:H7 and Hel-
cobacter pylori [11–15], neutralization of lipopolysaccha-
ides [16], improvements in bowel movement and reduction
f stool odor [17], enhancement of wound healing [18], and
itigation of peripheral intolerance to cold [19]. While

tudying these effects, we found that visceral adipose tissue
eight tended to be lower in rats fed a cocoa-containing diet

han in those fed a cocoa-free diet. However, little is known

bout these antiobesity effects of cocoa and their underlying
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echanisms. Although n-3 polyunsaturated fatty acids
FAs) in fish oil and lignans in sesame have been reported
o be effective in the prevention of obesity, and their effects
ave been associated with changes in the expression of
epatic genes related to lipid metabolism [20–23], the
echanisms by which these dietary items control lipid me-

abolism have not been elucidated. In this study, we verified
he antiobesity effects of cocoa in rats and examined the
ene expression profiles in rat liver and mesenteric white
dipose tissues (MES-WAT) by using the GeneChip mi-
roarray system to reveal the molecular mechanisms under-
ying the effects of cocoa on lipid metabolism and triacyl-
lycerol (TG) accumulation.

aterials and methods

nimals

All animal experiments were conducted in accordance with
tandards Relating to the Care and Management of Experi-
ental Animals (notification 6, March 27, 1980 of the Prime
inister’s Office, Japan). Six-week-old male Wistar rats

about 180 g) were purchased from CLEA Japan, Inc. (Kana-
awa, Japan) and maintained on a normal laboratory diet CE-2
CLEA) for 1 wk to stabilize metabolic conditions before
tarting the experiments. The rats were housed separately in
lastic cages with mesh bottoms and kept at 24 � 2°C and
0% humidity with a light cycle of 12 h of light (6:00 AM to
:00 PM) and 12 h of dark (6:00 PM to 6:00 AM).

iets

Twenty rats were assigned to two groups of 10 each

able 1
ompositions of the high-fat diets*

omponent Composition (g/kg diet)

HC diet HF diet

sh 35.000 35.000
iber 50.000 50.000
at 270.000 270.000
arbohydrate 304.486 304.486
rotein 203.000 203.000
itamins and antioxidants 12.514 12.514
ocoa powder 125.000 —
imetic cocoa — 125.000

otal calories (kcal/g diet)† 4.91 4.91

HC, high-fat diet plus real cocoa; HF, high-fat diet plus mimetic cocoa.
* Rats were examined for effects of cocoa ingestion with high-fat diets.

hese diets were based the AIN-93G diet and beef tallow was added to
rovide a high-fat content. Compositions of real and mimetic cocoa are
isted in Table 2.

† The energy contents of the diets were calculated as described in the
ext.
lternately by order of body weight to minimize any differ- t
nces between groups, and each group was fed for 21 d on
he following diets. Rats in the test group were maintained
n an AIN-93G–based high-fat diet containing 12.5%
w/w) cocoa powder (Pure Cocoa, Morinaga & Co., Ltd,
okyo, Japan) (HC diet) and those in the control group were
aintained on essentially the same diet except for supple-
entation with mimetic cocoa (HF diet) instead of real

ocoa. The nutrient contents of HC and HF diets were
djusted to be identical (Table 1), with the mimetic cocoa
ade of purified major nutrients (Table 2). The two groups

f rats were pair fed on the HC or HF diet to ensure equal
nergy intakes, with water provided ad libitum throughout.
he amount of cocoa intake by the rat is equivalent to 10
ups of cocoa drink (50 g of cocoa powder) per day for adult
umans on the basis of energy intake. The high-fat diets
ere prepared by modifying the cornstarch composition of

he original AIN-93G diet formula, i.e., cornstarch (397.486
/kg of diet) was replaced with a mixture consisting of beef
allow (200 g/kg of diet), cornstarch (72.486 g/kg of diet),
nd real or mimetic cocoa powder (125 g/kg of diet). The fat
ccounted for 49.5% total energy in these high-fat diets.
eef tallow was used to provide fat because its fatty acid
omposition is similar to one of cocoa fat. The energy
ontent of the diets was calculated on the basis of 9 kcal/g
or fat, 4 kcal/g for carbohydrate, 4 kcal/g for protein, 0
cal/g for fiber (cellulose), and 0.1 kcal/g for cocoa fiber
lignin is the major component).

utritional and biochemical analysis

After pair feeding for 21 d, all rats were starved over-
ight and anesthetized with ether. Blood was withdrawn by
ardiac puncture, and serum obtained after centrifugation
10 min, 3000 rpm) was stored at �20°C until analyzed.
he rats were killed, and organs including liver, heart, both
idneys, spleen, right gastrocnemius muscle, and MES-
AT as a representative of visceral adipose tissues were

issected out immediately, weighed, quickly frozen in liq-

able 2
ompositions of real and mimetic cocoa*

omponent Composition (g/kg diet)

Mimetic cocoa Cocoa powder

oisture 15 17
sh 85 85
iber 280 280
at 230 228
arbohydrate 150 150
rotein 240 240
otal calorie (kcal/g)† 3.63 3.64

* The mimetic cocoa was prepared with purified major nutrients, i.e.,
istilled water for moisture, AIN- 93G mineral mix for ash, cellulose for
ber, beef tallow for fat, corn starch for carbohydrate, and milk casein for
rotein.

† The energy contents of the diets were calculated as described in the

ext.
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id nitrogen, and stored at �80°C until used. Serum leptin
oncentrations were determined with a commercially avail-
ble kit (Rat Leptin Enzyme-linked Immunosorbent Assay
it, Morinaga Institute of Biological Science, Yokohama,

apan). Total and low-density lipoprotein cholesterols, TG,
nd free fatty acids in serum were determined enzymatically
SRL Inc., Tokyo, Japan). High-density lipoprotein choles-
erol in serum was determined with a direct measurement
SRL Inc.).

Data are presented as mean � standard deviation. Statistic
nalysis was performed with unpaired two-tailed Student’s t
ests. P � 0.05 was considered statistically significant.

NA microarray procedure

Two representative rats were selected from the HC group
nd the HF group. These were selected to be as close as
ossible to the mean values of each group in terms of body
eight gain; weight of the liver, MES-WAT, and right
astrocnemius muscle as proportions of whole body weight;
nd serum TG concentrations. These representative rats
ere designated HC-1, HC-2, HF-1, and HF-2 (Figure 1).
Total RNA was obtained from the liver and MES-WAT

f selected rats by successive extractions with ISOGEN
Nippon Gene Co, Ltd, Toyama, Japan) and RNeasy Mini
its (Qiagen K.K., Tokyo, Japan). The RNA was assessed

or quality and quantity by agarose gel electrophoresis and
ltraviolet spectrophotometry, respectively. DNA microar-
ay analysis was performed according to the manufacturer’s
nstructions (Affymetrix, Santa Clara, CA, USA) as de-
cribed elsewhere [24]. Briefly, double-stranded cDNA was
ynthesized from 10 �g of total RNA by reverse transcrip-
ion with SuperScript Choice System (Invitrogen, Carlsbad,
A, USA). Biotinylated cRNA was transcribed from the
ouble-stranded cDNA by T7 RNA polymerase reaction by
sing an RNA Transcript Labeling Kit (Enzo Biochem,
armingdale, NY, USA), fragmented, and applied to Gene-
hips (Rat Genome U34A Array), which contained more

han 8000 gene probes as detailed in the Expression Anal-
sis Technical Manual (Affymetrix). After hybridization for
6 h at 45°C, the GeneChip was washed and labeled with
-phycoerythrin streptavidin using an Affymetrix Fluidics

tation 400. The fluorescent signal intensities were mea-
ured with an Affymetrix Scanner.

NA microarray data analysis

The liver and MES-WAT were examined separately for
ocoa-dependent increases and decreases in gene expression
y the use of Affymetrix software (Microarray Suite 5.0),
here fluorescent intensities of the relevant gene were com-
ared between GeneChips for rats fed the HC and HF diets.
he comparison was performed for all four combinations of
C and HF diet-fed rats; i.e., HC-1 versus HF-1, HC-1 versus
F-2, HC-2 versus HF-1, and HC-2 versus HF- 2 (Figure 1).

he absolute signal intensity, which differed from one Gene- t
hip to another, was standardized to facilitate direct compar-
sons by keeping the total fluorescent intensity constant. The
ndications of “increase” and “decrease” for cocoa-dependent
hanges in gene expression by “change call” of Affymetrix
oftware were judged valid only when the change calls
atched more than three data in four combinations. The indi-

ation was assessed as “no change” when the data matched
ess. Genes whose “detection call” in the higher fluorescent
ntensity group were recorded as “absent” or “marginal” were
xcluded from further considerations. The alteration ratios of
he gene expression are represented as mean � standard devi-
tion of the four quotients. Quotients were calculated from the
ene expression for the HC-fed rats divided by that of the
F-fed rats (Figure 1).

esults

utritional and biochemical analysis

Rats were fed either of two high-fat diets (HC and HF)
or 21 d, and we measured biochemical parameters related

ig. 1. Diagram of the experimental design. HC, high-fat diet plus real
ocoa; HF, high-fat diet plus mimetic cocoa; MES-WAT, mesenteric white
dipose tissue; SD, standard deviation; TG, triacylglycerol.
o energy metabolism. The nutrient contents of HC and HF
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iets were adjusted to be identical (Table 1), with the mi-
etic cocoa made of purified major nutrients (Table 2). For
C-diet rats compared with HF-diet rats, cocoa ingestion

ignificantly decreased the weight gain in the entire body
nd the MES-WAT (Table 3 and Figure 2). MES-WAT was
he only tissue that showed a significant cocoa-dependent
ecrease in weight among the tissues and organs examined
Table 3). Concerning serum parameters on lipid metabo-
ism, TG concentrations were decreased to a large extent (P

0.072) by cocoa ingestion (Table 3 and Figure 2). Total
holesterol concentrations increased in accordance with the
ncrement of high-density lipoprotein cholesterol concentra-
ions by cocoa ingestion (Table 3). Leptin concentrations,
nown to track in parallel with body fat mass [25], were also
ecreased to 75% of HF-fed rats by the ingestion of cocoa
data not shown). These results, showing significant im-
rovements in physical and biochemical parameters in re-
ponse to cocoa ingestion, strongly suggest that cocoa ef-
ectively prevented high-fat diet–induced obesity.

ene expression profiles of lipid metabolism-relating
nzymes in liver and MES-WAT

To investigate the molecular mechanisms underlying the
ffects of cocoa on lipid metabolism and TG accumulation,
ene expression profiles in rat liver and MES-WAT were
nalyzed using DNA microarrays, with a focus on those
enes relating to lipid metabolism and TG accumulation.

As presented in Tables 4 and 5, cocoa ingestion de-

able 3
ffects of cocoa ingestion on physical and biochemical parameters in

ats after 21 d of pair feeding on HC and HF diets, respectively*

etermination HC group HF group

nitial body weight (g) 207.1 � 4.3 207.1 � 5.0
inal body weight (g) 313.1 � 9.2† 341.2 � 10.4
ate of body weight change
(%initial weight) 151.2 � 3.3† 164.8 � 5.1

aloric intake (kcal/d per rat) 86.8 � 1.6 85.7 � 1.9
iver (%body weight) 3.525 � 0.234 3.452 � 0.161
eart (%body weight) 0.327 � 0.022† 0.297 � 0.021
idneys (%body weight) 0.710 � 0.038 0.682 � 0.052
pleen (%body weight) 0.186 � 0.010 0.204 � 0.026
ight gastrocnemius muscle
(%body weight) 0.900 � 0.103 0.820 � 0.090
ES-WAT (%body weight) 0.683 � 0.153† 0.838 � 0.131

erum triacylglycerol (mg/dL) 67.0 � 20.3 87.8 � 25.6
erum free fatty acid (mEq/L) 0.699 � 0.143 0.600 � 0.123
erum total cholesterol (mg/dL) 87.3 � 12.3† 75.8 � 7.4
erum LDL cholesterol (mg/dL) 12.5 � 2.5 11.2 � 2.3
erum HDL cholesterol (mg/dL) 31.4 � 3.7† 27.9 � 2.7

HC, high-fat diet plus real cocoa; HDL, high-density lipoprotein; HF,
igh-fat diet plus mimetic cocoa; LDL, low-density lipoprotein; MES-
AT, mesenteric white adipose tissue.
* Each value is expressed as mean � standard deviation (n � 10).

tatistical analysis was performed with unpaired two-tailed Student’s t
ests.
p† P � 0.05.
reased the hepatic gene expression for tricarboxylate (ci-
rate) transport protein, adenosine triphosphate citrate lyase,
nd fatty acid synthase. These results indicated that cocoa
ecreased gene expression of the FA synthesis system in the
iver. In addition, cocoa produced extensive decreases in the
xpression of genes for cholesterol biosynthesis including
qualene synthase, squalene epoxidase (monooxygenase),
nd 7- dehydrocholesterol reductase (Tables 4 and 5).

In MES-WAT, cocoa decreased the gene expression for
olecules involved in FA transport, such as fatty acid trans-

ocase/CD36, fatty acid transporter as a shorter form of fatty
cid translocase/CD36 [26], and fatty acid binding protein
Tables 4 and 6). Interestingly, the gene expression for
eroxisome proliferator-activated receptor � (PPAR-�),
hich is the transcription factor inducing those FA trans-
ort-relating molecules [27–30], was also decreased. As in
he liver, cocoa ingestion similarly decreased the expression
f genes for enzymes involved in FA synthesis, such as fatty
cid synthase, 3-oxoacyl (ketoacyl)-coenzyme A thiolase,
nd enoyl-coenzyme A hydratase (Table 6). It is notable that
he expression of adipocyte determination and differentia-
ion factor-1 (also called sterol regulatory element-1 binding

ig. 2. Effects of cocoa ingestion on physical and biochemical parameters.
wo groups of rats fed for 21 d on a high-fat diet plus real cocoa (solid bar)
r a high-fat diet plus mimetic cocoa (open bar) were compared for
hole-body weight gain (A), serum triacylglycerol concentration (B), and
eight of the liver, right gastrocnemius muscle, and mesenteric white

dipose tissue as expressed in percentage of body weight (C). Values are
xpressed as means � standard deviations (n � 10). Statistical analysis
as performed with unpaired two-tailed Student’s t test. *P � 0.05; # P �
.072. WAT, white adipose tissue.
rotein-1c), which is known to be the transcription factor of
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enes related to FA synthesis, was also decreased [31]
Table 6). In contrast, the gene expression of uncoupling
rotein (UCP) 2 as a thermogenesis factor [32] was upregu-
ated in HC-fed rats (Table 6). These results suggest that
ocoa ingestion leads to gene expression to decrease TG
ccumulation in MES-WAT.

Because glucose, as well as FA, is a main respiratory
ubstrate, we examined the expression of genes for enzymes
nvolved in glucose metabolism and gluconeogenesis. How-
ver, cocoa ingestion did not affect the expression of these
enes in the liver or MES-WAT (data not shown). These
esults indicate that cocoa ingestion produces its antiobesity
ffects primarily by affecting lipid metabolism, especially
hose enzymes involved in FA synthesis in the liver, and by
odulating FA synthesis and transport systems in MES-
AT.

able 4
umbers of genes whose expression in liver and MES-WAT was change

. Fatty acid synthesis enzymes (14 genes)
Liver
MES-WAT

. Fatty acid degradation and �-oxidation enzymes (27 genes)
Liver
MES-WAT

. Cholesterol biosynthesis and taurine metabolism enzymes (17 genes)
Liver
MES-WAT

. Transcriptional factors regulating lipid metabolism (9 genes)
Liver
MES-WAT

. Fatty acid transporter-relating molecules (25 genes)
Liver
MES-WAT

. Uncoupling proteins, leptin, and insulin (20 genes)
Liver
MES-WAT

HC, high-fat diet plus real cocoa; HF, high-fat diet plus mimetic cocoa
* The involved genes were classified into six categories (A–F) accordin
† The genes indicated to be “absent” and “marginal” by “detection call” i

able 5
enes with remarkably altered expression in the rat liver after cocoa inge

Category* Accession no. Gene prod

2 L12016 Tricarboxy
2 J05210 Adenosine
2 M76767 Fatty acid
2 AB012933 Acyl–coen
2 M95591 Hepatic sq
2 D37920 Squalene e
2 AB016800 7-Dehydro
2 AF003835 Isopenteny
2 M64755 Cysteine s

* Six categories (A–F) according to metabolic functions are shown in T
† The alteration ratio is represented as mean � standard deviation of fou

y that of rats fed the high-fat diet plus mimetic cocoa.

‡ Similar results were obtained with two different probes for different sites.
iscussion

We found that cocoa ingestion suppressed the high-fat
iet–induced gain of body weights, weights of MES-WAT,
nd serum TG concentration in rats (Table 3 and Figure 2).
he effects of cocoa ingestion in the liver and MES-WAT
ere studied using DNA microarrays, focusing especially
n genes related to lipid metabolism and TG accumulation.

A main hepatic antiobesity mechanism works by sup-
ressing FA synthesis and by activating FA oxidation [33].
owever, we found that cocoa ingestion decreased the ex-
ression of genes for FA synthesis in the liver without
ctivating the expression of genes for FA oxidation (Tables
and 5). It is therefore plausible that ingestion of cocoa in

ombination with other foods that can enhance FA oxida-
ion might fortify the antiobesity effects of cocoa.

hanged: effect of HC diet versus that of HF diet*

Decrease Increase No change Not further
considered†

4 0 7 3
4 1 8 1

1 0 21 5
6 0 16 4

6 0 7 4
4 0 7 6

0 0 6 3
5 0 1 3

0 0 17 8
9 1 5 10

0 0 14 6
0 2 3 15

WAT, mesenteric white adipose tissue.
etabolic functions.
gher fluorescent intensity group were excluded from further consideration.

Alteration ratio†

nsport protein 0.67 � 0.23
phate citrate lyase 0.34 � 0.13‡
e 0.66 � 0.12
synthetase 5 0.78 � 0.08

synthetase 0.60 � 0.07
se 0.44 � 0.06
erol reductase 0.56 � 0.14‡
sphate-dimethylallyl diphosphate isomerase 0.45 � 0.12
acid decarboxylase 0.43 � 0.07

nts of gene expression of rats fed the high-fat diet plus real cocoa divided
d or unc

; MES-
g to m
stion

ucts

late tra
triphos
synthas
zyme A
ualene
poxida
cholest
l dipho
ulfinic

able 4.
r quotie
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Although WAT has few roles except for the storage of
G, cocoa ingestion altered the expression of various kinds
f genes in this tissue (Tables 4 and 6). In MES-WAT,
ocoa ingestion decreased the expression of genes for FA
ransport-relating molecules and their transcription factor,
PAR-� (Table 6). Because FA is known to serve as a

igand for PPAR-� [34], the simultaneous decrease in con-
entrations of PPAR-� and serum TG suggests a causal
elation between them. The decrease in PPAR-� expression
n response to cocoa ingestion might result from a decrease
n serum TG by a feedback control mechanism, which leads
o decreases in the expression of FA transport-relating mol-
cules and thus decrease TG uptake into MES-WAT (Figure
). Another rationale for the effectiveness of cocoa inges-
ion in the prevention of TG accumulation in WAT can be
scribed to the cascade suppression of adipocyte determi-

able 6
enes with remarkably altered expression in rat mesenteric adipose tissue

Category* Accession no.

2 M76767
2 X05341
2 X15958
2 J02585
1 U67995
2 D43623
2 J05470
2 D30647
2 D16479

2 X05341
2 M33648

2 M95591
2 M64755
2 X12752
2 S77528

2 X60769
2 AB011365
2 L16995
2 V01235
2 K01180
2 S52878

2 J02773

2 AF072411
2 AB005743
2 J02597
1 S76779
1 AB010743
1 AB005143

add-1, adipocyte determination and differentiation factor-1; C/EBP, CC
ocoa; HF, high-fat diet plus mimetic cocoa; NFIL-6, nuclear factor inte
egulatory element-1 binding protein.

* Six categories (A–F) according to metabolic functions are shown in T
† The alteration ratio is represented as mean � standard deviation of fo
‡ Similar results were obtained with two different probes for different s
ation and differentiation factor-1 and then the FA synthesis T
ystem and to the enhancement of UCP2 (Figure 3). UCP2
s a homolog of UCP1 [32]. UCP1 has an important role in
ontrolling non-shivering thermogenesis, and its mRNA
xpression is generally lower in obese than in normal-
eight rodents [35]. Because the expression of UCP2
RNA is increased in UCP1 knockout mice, it is believed

hat UCP2 also mediates thermogenesis [35]. Cocoa inges-
ion increased total cholesterol concentrations, especially
igh-density lipoprotein cholesterol, in serum, whereas gene
xpression for cholesterol biosynthesis was decreased in
iver and MES-WAT. This suggests that the increase of
erum cholesterol may be due to some factor other than
holesterol biosynthesis, e.g., reabsorption of cholesterol
rom the small intestine.

In conclusion, we postulate a mechanism for the anti-
besity effects of cocoa: that ingestion effectively prevents

ocoa ingestion

roducts Alteration ratio†

cid synthase 0.59 � 0.13
acyl-CoA thiolase 0.66 � 0.18
ondrial enoyl-CoA hydratase 0.76 � 0.07

stearyl-CoA desaturase 0.57 � 0.11
l-CoA desaturase 2 1.60 � 0.50
ine palmitoyltransferase-I–like protein 0.52 � 0.09‡

ondrial carnitine palmitoyltransferase-II 0.71 � 0.11
ong-chain acyl-CoA dehydrogenase 0.75 � 0.02
ondrial long-chain 3-ketoacyl-CoA

lase �-subunit of mitochondrial
nctional protein

0.83 � 0.16

acyl-CoA thiolase 0.66 � 0.18
ondrial 3-hydroxy-3- 0.61 � 0.29‡

hylglutaryl-CoA synthase
c squalene synthetase 0.59 � 0.09
ne sulfinic acid decarboxylase 0.76 � 0.30
binding protein C/EBP-� 0.59 � 0.08
-6 � C/EBP-related transcription factor
BP-�)

0.51 � 0.06

r factor B � C/EBP-� 0.69 � 0.05
-� 0.59 � 0.16
� SREBP-1c 0.66 � 0.11
fatty acid binding protein 0.21 � 0.14
nal fatty acid binding protein 0.13 � 0.09
nal 15-kDa protein � fatty acid–binding
ein homolog

0.23 � 0.19

olecular-weight fatty acid binding
ein

0.77 � 0.30

cid translocase/CD36 0.62 � 0.14‡

cid transporter 0.63 � 0.04‡

oprotein A-I 0.37 � 0.31
oprotein E 1.50 � 0.33

1.25 � 0.25
1.53 � 0.60

nhancer binding protein; CoA, coenzyme A; HC, high-fat diet plus real
6; PPAR-�, peroxisome proliferator-activated receptor-�; SREBP, sterol

ients of gene expressions of HC-fed rats divided by that of HF-fed rats.
after c
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