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The efficacy in cholesterol treatment by mixtures from selected functional foods
(MSFF) including nattokinase (fermented soybean), red yeast rice extract,
Ginkgo biloba, oat fiber, garlic, bee pollen and propolis in Sprague Dawley rats.
This study was to determine the cholesterol-lowering effects in MSFF on the
identification of bioactive compounds, enzymatic activities (HMGCOA reductase
and ACAT2), lipid peroxidation (serum and tissue MDA), histopathological
analysis of liver tissue, and biochemical profiles. The rats were divided into two
groups (normal control (NC) and high cholesterol fed rats (HCD) for initial 4
weeks. After 4 weeks on high cholesterol diet, the group were divided into five
groups: 1% HCD, 1% HCD + Simvastatin (10 mg/kg of body weight (BW)), 1%
HCD + MSFF (50 mg/kg/BW), 1% HCD + MSFF (100 mg/kg/BW) and 1% HCD
+ MSFF (200 mg/kg /BW). LC-MS/MS analysis showed MSFF contained
Monacolin K, naringin, tocopherol and glutamate. Changes of body weight and
average feed intake/week were observed for all hypercholesterolaemic rats after
four weeks of treatment compared to normal group. MSFF at 200 mg/kg/BW
provide a significant (p<0.05) greatest inhibition activity of 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCOoA reductase) (167.86 + 5.54 pg/ml) and
acetyl-Coenzyme A acetyltransferase 2 (ACAT2) (360.19 + 44.11 pg/ml) than
1% HCD. Lipid peroxidation showed a significant decreased (p<0.05) in serum
(3.82 £ 0.83 pmol/L) and liver tissues (15.24 + 1.81 pmol/mg) of
malondialdehyde (MDA) against hepatic steatosis. MSFF at 100 mg/kg/BW had
significantly (p<0.05) decreased serum total cholesterol (TC) (1.35+0.09 mmol/L)
whereby MSFF at 50 mg/kg/BW reduced low density lipoprotein (LDL) (p<0.05)at
0.52 + 0.09 mmol/L. Serum liver profiles of aspartate aminotransferase (AST)
(115.33 £ 8.69 U/L) and alanine aminotransferase (ALT) (61.00 + 1.00 U/L) were
decreased significantly (p<0.05) by MSFF at 200 mg/kg/BW. These combination
of functional foods ingredients could provide health-promising effect for
hypercholesterolaemia.
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Keberkesanan campuran makanan berfungsi terpilih (MSFF) iaitu nattokinase
(enzim fermentasi soya), ekstrak beras merah, Ginkgo biloba, bawang putih,
debunga lebah dan propolis merawat kolesterol dalam tikus Sprague Dawley.
Objektif kajian ini untuk menentukan kesan penurunan kadar kolesterol oleh
MSFF menerusi pengenalpastian kandungan bioaktif, aktiviti enzim (HMGCoA
reductase dan ACAT2), peroksidasi lemak (serum dan tisu MDA), analisis
histolopatologi tisu hati, dan analisis biokimia. Dua kumpulan tikus dibahagikan
kepada (kawalan normal (NC) dan diet berkolesterol tinggi (1% HCD)) bagi
empat minggu pertama. Selepas empat minggu induksi diet berkolesterol tinggi
(1%), lima kumpulan berbeza dibahagikan: 1% HCD, 1% HCD + Simvastatin (10
mg/kg/berat badan (BW)), 1% HCD + MSFF (50 mg/kg/BW), 1% HCD + MSFF
(100 mg/kg/BW) dan 1% HCD + MSFF (200 mg/kg /BW). Analisis LC-MS/MS
mendapati MSFF mengandungi Monakolin K, naringin, tokoferol and glutamat.
Perubahan berat badan dan purata pengambilan makanan telah dipantau
kepada semua tikus hiperkolesterolemia selepas empat minggu dirawat dengan
MSFF. Dos MSFF pada 200 mg/kg/BW menurun secara signifikan (p<0.05)
terhadap aktiviti enzim HMGCOoA reductase (167.86 + 5.54 pg/ml) dan ACAT2
(360.19 * 44.11 pg/ml). Peroksidasi lemak menurunkan kadar serum (3.82 £
0.83 pmol/L) and tisu hati (15.24 + 1.81 pmol/mg) secara signifikan (p<0.05)
daripada hepatik steatosis. MSFF juga menurunkan profil serum lemak dengan
signifikan (p<0.05) (jumlah kolesterol dan LDL) kepada 1.35+0.09 mmol/L pada
dos 100 mg/kg/BW dan 0.52 + 0.09 mmol/L pada dos 50 mg/kg/BW. Serum hati
aspartate aminotransferase (AST) (115.33 + 8.69 U/L) dan alanine
aminotransferase (ALT) (61.00 = 1.00 U/L) telah dikurangkan secara signifikan
(p<0.05) pada dos 200 mg/kg/BW. Oleh itu, makanan campuran berfungsi
terpilih melalui gabungan bahan-bahan dalam MSFF dilihat berkesan bagi
merawat keadaan hiperkolesterolemia.
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CHAPTER 1

INTRODUCTION

This chapter represents research background, problem statement, significance
of study, objectives and hypotheses of study.

1.1 Research background

Cardiovascular diseases (CVD) become main factor for an increasing rate of
morbidity and mortality worldwide especially in most of developing countries
(Berzou, Taleb-senouci, Guenzet, & Krouf, 2014). It is estimated about 2.6
million of deaths and 29.7 million disability-adjusted life years due to diseases
related to high concentration of cholesterol in blood among the global population
(World Health Organization, 2017). Nowadays, the frequent consumption of diet
high in cholesterol, environmental, genetic factors and lack of physical activity
are strongly correlated with hypercholesterolaemia (Cheong, Jessica Koh,
Patrick, Tan, & Nyam, 2018).Hypercholesterolaemia is a metabolic disorder that
mainly resulted in an elevated of plasma total cholesterol (TC) and low density
lipoprotein (LDL) cholesterol (Mu et al., 2017; Adekiya, Shodehinde, & Aruleba,
2018).

The adverse effects of high level of total cholesterol level in body can link to
several diseases such as obesity, hypercholesterolaemia, hyperlipidaemia, and
cardiovascular diseases (atherosclerosis and myocardiac infarction) (Lee, Kim,
Jang, Cho, & Choi, 2011; Adekiya et al., 2018). Hypercholesterolaemia is under
oxidative stress can trigger the progression of atherosclerosis and abnormal lipid
metabolism (Zulkhairi et al., 2010; Cheong et al., 2018). The production of
reactive oxygen species (ROS) such as superoxide anions, hydrogen peroxide
(H202) and hydroxyl radicals would react with unsaturated fatty acid chain
stimulate lipid peroxidation that might decompose into malondialdehyde (MDA)
that is considered as biological marker for lipid peroxidation (Janero, 1990).

Nowadays, conventional synthetic lipid-lowering drugs such as fibrates, statins,
and bile-acid sequestrants had been acknowledged for treatment of
hypercholesterolaemia (Tiwari & Khokhar, 2014). However, these medications
still have limited efficacy and severe side effects such as weakening muscle
fibers, muscle injury, and damaging peripheral nerve (Moosmann & Behl, 2004).
Hence, it is important to find an alternative for treatment of
hypercholesterolaemia from natural sources due to their less side effects for long
term consumption. Mixtures from selected functional foods (MSFF) utilized in this
study consisted natural ingredients such as nattokinase (soybean), red yeast rice



extract, Ginkgo biloba, oat fiber, garlic, bee pollen and propolis that have
potential effects as anti-hypercholesteraemic agents.

Nattokinase, a product of fermentation from soybean is regarded as anti-
atherosclerotic agent that demonstrated its ability to suppress intimal thickening
in rats (Chen et al., 2018). Besides, red yeast rice extract can decrease blood
cholesterol by reducing lipid peroxidation (Yeap et al., 2014). Ginkgo biloba, may
provide hypocholesterolemic effect in regulation lipid in adipose tissue and
increase HDL level (Kang, 2017). Oat fiber involves in lowering total cholesterol
level due to its role in altering the metabolism of bile acids (Ban et al., 2015).
Garlic also may reduce streaks formation of atherosclerosis whereby bee pollen
also help to control the elevation of lipid profiles at normal level and prevent
clumping of blood platelets (Vassev, et al., 2015; Lachhiramka & Patil, 2016).
Propolis also has potential to decrease the level of triglyceride level in the rats
(Albokhadaim, 2015).

Therefore, effects of mixtures from selected functional foods (MSFF) ingredients
may provide strong health-promising effects compared to single ingredient
consumption in management of hypercholesterolaemia. This study suggested
that further comprehensive investigation should be conducted to provide an
alternative to the synthetic drug and become a complementary natural treatment
in the safest way to prevent the progression hypercholesterolaemia effectively.

1.2 Problem statement

On a global scale, a third of coronary heart disease was closely related to
cholesterol. This scenario in line with the prevalence of hypercholesterolaemia
that was found significantly higher in high-income countries compared to low-
income countries (World Health Organization, 2017; Cheong et al., 2018). In
Malaysia, the prevalence of diagnosed hypercholesterolaemia among adults
was increasing about 40.3 % according to National Health and Morbidity Survey
2019 (NHMS 2019). Hypercholesterolaemia become a major concern for health
professionals to tackle this issue since hypercholesterolaemia may result in
various metabolic disorders including hypertension and diabetes mellitus.

This condition is regarded as one of the major socioeconomic problems and
effect of sedentary modern lifestyle and lack of awareness about dietary habits.
The elevation of total blood cholesterol (TC) and low-density lipoprotein (LDL)
are deposited in the sub-endothelial region of arteries that lead to inflammation
and formation of plaque that associated with development of hypertension and
affect the function of liver and kidneys (Puttaswamy & Urooj, 2016). The
continuous intake of diet high in cholesterol might directly related to
hyperlipidemia in humans (Matos et al., 2005).



It also cannot be deniable that medications for the treatment of cholesterol has
side effects. For example, statin functions through lowering total cholesterol (TC)
and low density lipoprotein (LDL) cholesterol by inhibition of enzymatic activity
by HMG-CoA reductase that involved in cholesterol biosynthesis but it frequently
associated with side effects including abdominal pain, constipation, headache,
fatigue, skin rashes, dizziness, blurred vision, muscle weakness and liver
inflammation (Cheong et al., 2018). However, the unpleasant side effect of these
medicines has been considerable to provide a further reference for
complementary or alternative therapies which are marketed as “natural”
treatment against hypercholesterolaemia.

Nutraceuticals and functional foods have attracted great interest as new possible
treatments for lowering total cholesterol (Ajdari et al., 2014; Cheong et al., 2018).
Meanwhile, the active substances in natural functional food become an interest
as alternative due to their hypocholesterolemic properties, less side effects,
easily absorbed by intestine (high bioavailability) and cost-effective (Al-Muzafar
& Amin, 2017).The optimal physiological metabolism and cellular functions can
be accomplished with the aid of functional foods that support the body in terms
of its biochemical and physiological functions (Cencic & Chingwaru, 2010). The
mechanisms of functional food are predicted to give positive impacts through
improving the availability of several vitamins, minerals, essential fatty acids,
amino acids, probiotics, and prebiotics as well (Yang et al., 2018). It is necessary
to find an applicable source of natural ingredients as an alternative to synthetic
drugs with minimal effects for the treatment of hypercholesterolaemia in the
safest way.

This study is aimed to determine the potential of anti-hypercholesterolaemic
activities of mixtures from selected functional foods in high cholesterol-fed rats.
It constitutes several main ingredients that scientifically proven to reduce blood
cholesterol levels such as nattokinase (fermented soybean), red yeast rice
extract, Ginkgo biloba, oat fiber, garlic, bee pollen, and propolis.

1.3 Significance of study

In this study, the findings will contribute a reference for researcher and public
about the potential of each ingredient in mixtures of selected functional foods
such as nattokinase (fermented soybean), red yeast rice extract, Ginkgo biloba,
oat fiber, garlic, bee pollen and propolis as natural alternative treatment of anti-
hypercholesterolaemic compared to synthetic drugs. This study also will provide
additional information for the public about the efficacy of functional foods as
supplementary components in daily intake to provide adequate nutrients and
good health outcomes in management of hypercholesterolaemia.
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Objectives of study

General objectives

To determine anti-hypercholesterolaemic effects of mixtures from selected
functional foods (MSFF) (nattokinase (fermented soybean), red yeast rice

extract,

Ginkgo biloba, oat fiber, garlic, bee pollen, and propolis) in

hypercholesterolaemic rats.

1.4.2

Specific objectives

To identify the bioactive compounds of mixtures from selected functional
foods (MSFF) identified by liquid chromatography with tandem mass
spectrometry (LC-MS/ MS).

To determine the effects of mixtures from selected functional foods
(MSFF) on enzymatic activities (HMGCOA reductase and ACAT2) in the
liver of hypercholesterolaemic rats.

To determine the effects of mixtures from selected functional foods
(MSFF) on lipid peroxidation using TBARS and histopathological
analysis of liver tissues of hypercholesterolaemic rats.

To determine the effects of mixtures from selected functional foods
(MSFF) on serum lipid profiles (TG, TC, LDL and HDL), kidney profiles
(creatinine, urea, uric acid) and serum liver profile (ALT and AST) of
hypercholesterolaemic rats.
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Hypotheses

There are presence of bioactive compounds that have potential as anti-
hypercholesterolaemic agents from the mixtures of selected functional
foods (MSFF) identified by liquid chromatography with tandem mass
spectrometry (LC-MS/ MS).

There are significant reduction in enzymatic activiies (HMGCoA
reductase and ACAT2) in the liver tissue hypercholesterolaemic rats fed
with mixtures from selected functional foods (MSFF).

There are significant reduction on lipid peroxidation using TBARS assay
and histopathological analysis of mixtures from selected functional foods
(MSFF) in hypercholesterolaemic rats.

There are significant reduction in serum lipid profiles (TG, TC, LDL and
HDL), serum kidney profiles (creatinine, urea, uric acid) and serum liver
profiles (ALT and AST) of mixtures from selected functional foods
(MSFF) in hypercholesterolaemic rats.
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