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1. Introduction

Atherosclerotic diseases such as ischemic heart disease and cerebral infarction account for
the major causes of death in many countries. It is well known that hyperlipidemia is closely
associated with these diseases (Kodama, 1990). Fish oil consumption reduces lipogenesis
and induces fatty acid oxidation in liver(Rustan, 1990; Halminski, 1991), and ameliorates
plasma and hepatic lipid levels (Nestel, 1990). These effects of fish are greatly attributed to
the action of n-3 polyunsaturated fatty acids, such as eicosapentaenoic acid (EPA) or
docosahexaenoic acid (DHA). Several studies have reported that n-3 PUFA decreases the
expression of genes coding for lipogenesis enzymes such as fatty acid synthase (FAS),
acetyl-CoA carboxylase (ACC), and stearoyl-CoA desaturase (SCD) through the lowering of
sterol regulatory element binding protein-1 (SREBP-1) (Kim, 1999; Shimano, 1999; Nakatani,
2002). In addition, n-3 PUFA activates the peroxisome proliferator-activated receptor a
(PPARa) (Krey, 1997). PPARa is a ligand-activated transcription factor that regulates the
expression of genes involved in triglyceride hydrolysis and fatty acid oxidation (Latruffe,
1997; Nakatani, 2002; Schoonjans, 1996), such as acyl-CoA oxidase (AOX), lipoprotein lipase
(LPL), medium-chain acyl-CoA dehydrogenase (MCAD), acyl-CoA synthetase (ACS), and
uncoupling protein-2 (UCP-2).

Cholesterol is crucial for the components of animal cell membranes, and for the synthesis of
bile acid and steroid hormone. Cholesterol in the inner cavity of the small intestine are
entered in to epithelial cells by Niemann-Pick C1 like-1 (NPC1L1) protein on the brush
border of epithelial cells of the small intestine (Davis, 2004), and cholesterol is released into
the lymph duct. It is well known that cholesterols, including 22- and 24-hydroxy cholesterol,
act as ligands for liver X receptor (LXR) a (Schultz, 2000). LXRa, a nuclear receptor, forms a
heterodimer together with the retinoid X receptor (RXR) and combines with LXR element
(LXRE) at the promoter of target genes to control transcription. LXR target genes include
cholesterol 7a-hydroxylase (CYP7A1), ATP-binding cassette transporter (ABC)A1, ABCGI,
and SREBPs, which are highly involved in cholesterol metabolism (Repa, 2000; Peet, 1998).

We previously indicated that 20en% fish oil diet dramatically inhibited hepatic lipids
accumulation in female C57BL/6] mice fed 2% cholesterol (Hirako, 2010). In this study, we
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determined whether 2 or 5en% fish oil, eqivalent to 10 or 25% of the total fat energy,
improves lipid metabolism in high cholesterol diet fed male C57BL/6] mice. Mice were
given SO diet consisted of 20en% safflower oil, 2FO diet consisted of 2en% fish oil plus
18en% safflower oil, 5FO diet consisted of 5en% fish oil plus 15en% safflower oil, and
SO/CH, 2FO/CH, 5FO/CH are consisted of SO, 2FO, 5FO with 2%cholesterol. The body fat
composition of mice was examined radiographically using an X-ray CT for experimental
animals. Blood parameter and hepatic lipids were measured using enzymatic methods.
Hepatic mRNA expression levels were measured by real-time RT-PCR.

2. Results and discussion

2.1 Body weight and tissue weight did not change with the low dose fish oil feeding in
male C57BL/6J mice

Final body weights were not significantly different among the groups. No large difference in
weights of the white adipose tissue around the uterus and brown adipose tissue from the
interscapular region between the groups was observed. In previous study, we reported that
body weight gain was significantly decreased in female C57BL/6] mice fed 20 en% fish oil
(Hirako, 2010). However, our study observed that 5 en% fish oil feeding in female C57BL/6]
mice did not modify body weights (data not shown). These results revealed that 2 and 5 en%
fish oil feeding in male C57BL/6] mice did not modify body weight and adipose tissue weight

1Ir L ]

S0O/CH 21 2FO/CH 5F 5F0O/CH
LlcH- —
=18 ab ab Bcu+ -E 0.8 ab
= a L
> 2 = [ ab ab 2 .
0.6
1.0k} ab ] & b 1
L)
| g oaf
g 08 % 1
> 8
0 — Cg 0
S0 2F0 5FO SO 2F0 5FO

Representative X-ray CT images of mice fed SO, SO/CH, 2FO, 2FO/CH, 5FO, and 5FO/CH for 8
weeks, at the L3 level (upper). The areas indicated with pink, yellow, and light-blue are visceral fat,
subcutaneous fat, and muscle, respectively. CT-estimated amounts of visceral fat and subcutaneous fat
in the abdominal area of L2-L4(bottom). Values represent means * S.D. (n=5). Means with different
letters are different at the p<0.05 level by Fisher’s protected least significant difference (PLSD) test.

Fig. 1. CT-based fat tissues composition analysis of 16-week-old male C57BL/6] mice.
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as well as female C57BL/6] mice. CT scan analysis showed that visceral and subcutaneous
fat mass were significantly increased in the 5FO and 5FO/CH groups, but not changed by
cholesterol feeding (Figure 1). Meanwhile, these levels were high in all group compared
with the fat mass in the female C57BL/6] mice (0.45+0.28cm?3 visceral fat in male C57BL/6]
mice fed the SO diet and 0.24+0.13 cm? visceral fat in female C57BL/ 6] mice fed the SO diet).

2.2 Hepatic tissue histology and lipid levels modified with the low dose fish oil
feeding in male C57BL/6J mice

Although the liver weight significantly increased in the SO/CH group compared with the
SO group, there was no difference in the fish oil groups compared with the SO group (SO:
0.96 £ 0.10, SO/CH: 1.31 = 1.2, 2FO: 1.00 = 0.13, 2FO/CH: 1.11 * 0.12, 5FO: 0.92 + 0.08,
5FO/CH: 1.12 + 0.12, p<0.05). The liver size in the SO/CH group had enlarged, and the
entire surface had a pale color, suggestive of increased lipid storage. In contrast, the livers of
the 2FO/CH and 5FO/CH groups were less pale and had a normal reddish appearance
(data not shown). The hepatic tissues showed numerous lipid droplets in the livers of
SO/CH group. However, these lipid droplets were markedly decreased in the 2FO/CH and
5FO/CH groups (Figure 2A). These results in the microscopic images of hepatic tissue were
confirmed in hepatic lipid content reductions. Hepatic TG levels in both 2FO/CH and
5FO/CH group significantly decreased to about 50% of that in the SO/CH group. Hepatic
TC levels also decreased by about 40% in both 2FO/CH and 5FO/CH group compared with
the SO/CH group(Figure 2B). Fabbrini suggested that hepatic lipid accumulation is
considered a risk factor for fatty liver and steatohepatitis, which promote the development
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H&E-stained liver sections (A), total cholesterol (TC) and triglycerides (TG) (B) in mice fed SO, SO/CH,
2FO, 2FO/CH, 5FO, and 5FO/CH for 8. Values represent means * S.D. (n=5). Means with different
letters are different at the p<0.05 level by Fisher’s protected least significant difference (PLSD) test.

Fig. 2. Liver tissue histology and lipid levels of 16-week-old male C57BL/ 6] mice.
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of insulin resistance, dyslipidemia, and cardiovascular disease (Fabbrini, 2010). In this
study, lipid deposition caused by high cholesterol feeding significantly decreased in the
2FO/CH and 5FO/CH groups, in which low dose fish oil was used as the lipid source. We
confirmed that the 2 en% fish oil exerts ameliorating effects on hepatic lipid accumulation
due to dietary cholesterol consumption in male C57BL/6] mice.

2.3 The hepatic mRNA levels of lipid metabolism-regulating genes modfied with the
fish oil or cholesterol feeding in male C57BL/6J mice

The hepatic mRNA levels of lipid metabolism-regulating genes are shown in Table 1. The
mRNA levels of SREBP-1c, which is transcription factor of genes related to lipogenesis, were
not significantly changed in all groups. Low dose fish oil or cholesterol feeding did not
particularly affect in FAS mRNA. However, SCD1 mRNA levels significantly decreased in
the fish oil groups regardless of the addition the addition of cholesterol, compared with the
SO/CH group. Previous studies showed that fish oil feeding decreases SREBP1lc mRNA
expression and/or mature protein production and results in the inhibition of SREBP1 target
genes, such as ACC, FAS, and SCD-1 (Kim, 1999; Nakatani, 2002). In this study, different
results were observed, suggesting that the inhibitory effect of fish oil on fatty acid
biosynthesis is more clear at high dose fish oil.

SO SO/CH 2F0 2FO/CH 5FO 5FO/CH

SREBPs

SREBP-1c 1.00£031 127045 096+£056 1.21+099 088x029 0.81=%055

SREBP-2 1.00£0.51° 0.95+0.06° 1.88%0.19° 093+£0.14° 1.41+0.32> 0.71x0.12°

Insig-1 1.00£0.76% 1.44% 0.75% 242+ 1500 0.89+£0.5%% 1.87+0.57> 0.61=%0.20°
Fatty acid biosynthesis

FAS 1.00£0.84= 0.81+0.58% 0.98+0.39° 0.58+0.24% 085+0.23% 0.32=%0.19>

sCD1 1.00+£0.33% 1.46+0.73* 0.43%+0.32° 082+0.38% 035+0.08° 0.63=%0.19%"
Cholesterol homeostasis

HMGCo(A) Reductase 1.00+£0.30* 0.67£ 0.15> 0.85+ 0.37® 0.66 £0.08>* 1.07+0.23° 0.54%0.10°

ABCG5 1.00£0.57° 2.61+0.29° 0.94%0.15° 168+025° 081+0.13 141+0.18"

ABCG8 1.00+£0.32¢ 1.54+032° 1.256+0299 218+0.72® 095+0.15° 1.95x+0.43"
Fatty acid B-oxidation

PPARa 1.00£0.30> 1.74%0.74% 2.51+1.03° 232+068 1.93+£049° 1.97%0.77

AOX 1.00£0.49° 1.54% 061> 1.66% 0.39® 1.79+£0.43% 1.82:+0.33% 242+ 0.66°

UCP2 1.00£0.32%> 154+ 0.32* 0.99%0.74® 1.19+0.68 0.70+0.13> 1.05=% 0.38%
Bile acid bioynthesis

CYP7A1 1.00 £ 0.57¢ 3.12+ 0.79% 1.27 £ 1.17° 1.96 £ 0.80 1.43 + 0.81° 3.63 £ 1.01*

CYP8B1 1.00+£ 045> 1.26%0.29% 112047 133+£032% 101019 1.55=%0.58

The mRNA expression levels in liver of male C57BL/6] mice fed SO, SO/CH, 2FO, 2FO/CH, 5FO, and
5FO/CH for 8 weeks. Values represent means + S.D. (n=4-5). Means with different letters are different
at the p<0.05 level by Fisher’s protected least significant difference (PLSD) test.

Table 1. Expression of genes associated with lipid metabolism in the liver

The mRNA levels of PPARa and AOX, genes involved in fatty acid oxidation, were
significantly higher in the fish oil groups regardless of the addition of cholesterol. However,
the mRNA levels of UCP-2, which is involved in heat production, were unaffected by low
dose fish oil or cholesterol feeding. The mRNA levels of ABCG5 and ABCGS, genes
involved in cholesterol transport into the bile, were significantly induced with the
cholesterol addition . Biliary cholesterol excretion increases due to the upregulation of these
genes (Repa, 2002). These increases in ABCG5 and ABCG8 mRNA by cholesterol feeding are
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crucial for the maintenance of cholesterol homeostasis. Indeed, the mRNA levels of CYP7A1,
the rate-limiting gene in bile acid synthesis, were significantly increased in all cholesterol-
supplemented groups. However, no such increases were observed in the expression of
CYP8B1 mRNA. The synthesis of bile acid in the liver is important in the catabolic pathway
of cholesterol. The bile acid systhesis is controlled by CYP7A1 (Berge, 2000). In this study,
the mRNA levels of CYP7A1 were not significantly affected by fish oil feeding, but its levels
significantly increased when cholesterol was added. This is consistent with previous
observation that CYP7A1 mRNA level is increased on the addition of cholesterol to maintain
the homeostasis of cholesterol.

3. Conclusion

Body weight gains and adipose tissue weights did not change with the low dose fish oil
feeding in male C57BL/6] mice. Hepatic triglyceride and total cholesterol levels of the
SO/CH group were dramatically increased compared to the SO group. However, in
2FO/CH and 5FO/CH groups, the hepatic lipids were significantly decreased compared to
the SO/CH group. Low dose fish oil or cholesterol feeding did not particularly affect in
SREBP-1C and FAS mRNA levels. But, PPARa and AOX mRNA levels were significantly
higher in the fish oil groups regardless of the cholesterol addition. The present study
indicates that low dose fish oil obviously improved the hepatic lipid accumulation by high
cholesterol diet. And, this improving effect is partly due to the fatty acid degradation, which
was facilitated by increased expression of fatty acid oxidation-related genes, such as AOX.

4. Acknowledgments

We would like to thank NOF Corporation (Tokyo, Japan) for providing FO.

5. References

Berge KE, Tian H, Graf GA, Yu L, Grishin NV, Schultz J, Kwiterovich P, Shan B, Barnes R,
Hobbs HH. Accumulation of dietary cholesterol in sitosterolemia caused by
mutations in adjacent ABC transporters. Science 2000; 290: 1771-1775

Davis HR Jr, Zhu L], Hoos LM, Tetzloff G, Maguire M, Liu ], Yao X, Iyer SP, Lam MH, Lund
EG, Detmers PA, Graziano MP, Altmann SW. Niemann-Pick C1 Like 1

(NPC1L1) is the intestinal phytosterol and cholesterol transporter and a key
modulator of whole-body cholesterol homeostasis. ] Biol Chem 2004; 279: 33586-
33592

Fabbrini E, Sullivan S, Klein S. Obesity and nonalcoholic fatty liver disease: biochemical,
metabolic, and clinical implications. Hepatology 2010; 51: 679-689

Halminski MA, Marsh JB, and Harrison EH: Differential effects of fish oil, safflower oil and
palm oil on fatty acid oxidation and glycerolipid synthesis in rat liver. ] Nutr, 1991;
121: 1554-1561

Hirako S, Kim HJ, Arai T, Chiba H, Matsumoto A. Effect of concomitantly used fish oil and
cholesterol on lipid metabolism. ] Nutr Biochem 2010; 21: 573-579

Kim H]J, Takahashi M, Ezaki O: Fish oil feeding decreases mature sterol regulatory element-
binding protein 1 (SREBP-1) by down-regulation of SREBP-1c mRNA in mouse

www.intechopen.com



252 Novel Strategies in Ischemic Heart Disease

liver. A possible mechanism for down-regulation of lipogenic enzyme mRNAs. |
Biol Chem, 1999; 274: 25892-25898

Kodama K, Sasaki H, Shimizu Y. Trend of coronary heart disease and its relationship to
risk factors in a Japanese population: a 26-year follow-up, Hiroshima/Nagasaki
study. Circ ], 1990; 54: 414-421

Krey G, Braissant O, L'Horset F, Kalkhoven E, Perroud M, Parker MG, Wahli W: Fatty acids,
eicosanoids, and hypolipidemic agents identified as ligands of peroxisome
proliferator-activated receptors by coactivator-dependent receptor ligand assay.
Mol Endocrinol, 1997; 11: 779-791

Latruffe N, Vamecq J: Peroxisome proliferators and peroxisome proliferator activated
receptors (PPARs) as regulators of lipid metabolism. Biochimie, 1997; 79: 81-94

Nakatani T, Tsuboyama-Kasaoka N, Takahashi M, Miura S, Ezaki O; Mechanism for
peroxisome proliferator-activated receptor-alpha activator-induced up-regulation
of UCP2 mRNA in rodent hepatocytes. ] Biol Chem, 2002; 277: 9562-9569

Nestel PJ. Effects of N-3 fatty acids on lipid metabolism. Annu Rev Nutr, 1990; 10:149-167

Peet DJ, Turley SD, Ma W, Janowski BA, Lobaccaro JM, Hammer RE, Mangelsdorf DJ.
Cholesterol and Bile Acid Metabolism Are Impaired in Mice Lacking the Nuclear
Oxysterol Receptor LXRa. Cell 1998; 93: 693-704

Repa JJ, Berge KE, Pomajzl C, Richardson JA, Hobbs H, Mangelsdorf DJ. Regulation of ATP-
binding cassette sterol transporters ABCG5 and ABCGS8 by the liver X receptors
alpha and beta. ] Biol Chem 2002 ; 277: 18793-18800

Repa JJ, Liang G, Ou ], Bashmakov Y, Lobaccaro JM, Shimomura I, Shan B, Brown MS,
Goldstein JL, Mangelsdorf DJ. Regulation of mouse sterol regulatory element-
binding protein-1c gene (SREBP-1c) by oxysterol receptor, LXRa and LXRp.
Genes Dev 2000; 14: 2819-2830

Rustan AC, Nossen JO, Christiansen EN, and Drevon CA: Eicosapentaenoic acid reduces
hepatic synthesis and secretion of triacylglycerol by decreasing the activity of acyl-
coenzyme A:1,2- diacylglycerol acyltransferase. ] Lipid Res, 1988; 29: 1417-1426

Schoonjans K, Staels B, Auwerx J: The peroxisome proliferator activated receptors (PPARS)
and their effects on lipid metabolism and adipocyte differentiation. Biochim
Biophys Acta, 1996; 1302: 93-109

Schultz JR, Tu H, Luk A, Repa JJ, Medina JC, Li L, Schwendner S, Wang S, Thoolen M,
Mangelsdorf DJ, Lustig KD, Shan B.Role of LXRs in control of lipogenesis. Genes
Dev 2000; 14: 2831-2838

Shimano H, Yahagi N, Amemiya-Kudo M, Hasty AH, Osuga J, Tamura Y, Shionoiri F,
lizuka Y, Ohashi K, Harada K, Gotoda T, Ishibashi S, Yamada N. Sterol regulatory
element-binding protein-1 as a key transcription factor for nutritional induction of
lipogenic enzyme genes. ] Biol Chem 1999; 274: 35832-35829

www.intechopen.com



Novel Strategies in Ischemic Heart Disease

NQVEL STRATEGIES Edited by Dr. Umashankar Lakshmanadoss
IN ISCHEMIC HEART

DISEASE.

1itet B Umaisankar Lakshmansdoss

ISBN 978-953-51-0184-0

Hard cover, 450 pages

Publisher InTech

Published online 29, February, 2012
Published in print edition February, 2012

The first edition of this book will provide a comprehensive overview of ischemic heart disease, including
epidemiology, risk factors, pathogenesis, clinical presentation, diagnostic tests, differential diagnosis,
treatment, complications and prognosis. Also discussed are current treatment options, protocols and
diagnostic procedures, as well as the latest advances in the field. The book will serve as a cutting-edge point
of reference for the basic or clinical researcher, and any clinician involved in the diagnosis and management of
ischemic heart disease. This book is essentially designed to fill the vital gap existing between these practices,
to provide a textbook that is substantial and readable, compact and reasonably comprehensive, and to provide
an excellent blend of "basics to bedside and beyond" in the field of ischemic heart disease. The book also
covers the future novel treatment strategies, focusing on the basic scientific and clinical aspects of the
diagnosis and management of ischemic heart disease.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Satoshi Hirako, Miki Harada, Hyoun-Ju Kim, Hiroshige Chiba and Akiyo Matsumoto (2012). Hepatic Lipid
Accumulation by High Cholesterol Diet is Inhibited by the Low Dose Fish Oil in Male C57BL/6J Mice, Novel
Strategies in Ischemic Heart Disease, Dr. Umashankar Lakshmanadoss (Ed.), ISBN: 978-953-51-0184-0,
InTech, Available from: http://www.intechopen.com/books/novel-strategies-in-ischemic-heart-disease/hepatic-
lipid-accumulation-by-high-cholesterol-diet-is-inhibited-by-the-low-dose-fish-oil-in-male-c5

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia HE EBTERAERKES S HEERR ARG M AK4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0

