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ABSTRACT

Hypercholesterolaemia is a recognised factor associated with male infertility. However,
currently, there is limited therapy available. Tualang honey (TH) is a type of Malaysian
polyfloral wild honey produced by the rock bee (Apis dorsata) that has been proven to
exert both anti-inflammatory and anti-oxidative effects. This study aimed to determine
the effects of TH on the male reproductive system of high cholesterol diet (CD)
administered rats. Fifty-four Sprague Dawley rats weighing 200 - 250 gm were
randomly divided into the standard diet (control) group (n=6), mixed cholesterol diet
(MCD) group, and high cholesterol diet (HCD) group (n=24 each). The six rats in the
control group were fed with standard commercial rat pellet while the 48 rats in the MCD
and HCD groups were fed with a 12% cholesterol diet for 16 weeks. At the end of the
16 weeks, the 24 rats in the MCD group, divided into four subgroups (group M1, M2,
M3 and M4) were continued on the standard diet in addition to oral administration of
distilled water, 1.2, 2.4, and 3.0 g of honey per kg body weight daily respectively as a
supplement for 4 weeks. The other 24 rats in the HCD group were also divided into four
subgroups (group H1, H2, H3 and H4) and continued on the 12% high cholesterol diet
in addition to oral administration of distilled water, 1.2, 2.4, and 3.0 g of honey per kg
body weight daily respectively for 4 weeks. The rats in the control group were continued
with commercial rat pellets without honey supplementation. At the end of the 4 weeks,
all rats were sacrificed and for each of the rat blood specimen was taken for biochemical
analysis while the left testis and epididymis were collected for histology and sperm
analysis. The follicular stimulating hormone (FSH) level, relative epididymal weight
and all the sperm parameters (sperm concentration, the percentage of total sperm
motility, progressive motility, normal sperm morphology, and viability) of rats in group
H1 were significantly reduced compared to the control. All the sperm analysis
parameters of group M1 also demonstrated significant reduction compared to the
control. On the contrary, all TH supplemented groups demonstrated significant
improvement in the sperm parameters. The higher the dosage of TH in both HCD and
MCD groups, the greater the improvements in the sperm concentrations, sperm
viability, and normal sperm morphology. For the testicular histological analysis, the
mean Johnsen score was 10 for all the groups indicating no abnormalities. In conclusion,
the TH supplementation improved the sperm analysis results in the HCD animal model.
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CHAPTER ONE
INTRODUCTION

1.1 RESEARCH BACKGROUND

Cholesterol is one of the key molecules in mammalian physiology. It is essential for cell
functions and integrity as it plays a role in maintaining the permeability and fluidity of
the cell membrane. It is also a common precursor for steroid hormones synthesis such
as testosterone and oestrogen. Cholesterol homeostasis is strictly regulated at the
cellular level to balance the synthesis and catabolism of cholesterol in order to assure
normal cellular processes. The main source of cholesterol in our body is food. Hence,
excessive intake of cholesterol may induce hypercholesterolaemia. This will disturb
cholesterol homeostasis in the body which may cause adverse effects including
cardiovascular complications, obesity, metabolic disorders, and infertility (Pushpendra
& Jain., 2015; Sedes et al., 2018).

The prevalence of hypercholesterolaemia is on the rise in young people in both
developed and developing countries. The World Health Organization (WHO) survey in
2008 estimated that the global prevalence of hypercholesterolaemia among adults to be
39%, with South East Asia region recorded a prevalence of 29%. According to the
National Health and Morbidity Surveys (NHMS) in Malaysia, the prevalence of
hypercholesterolaemia had risen to 38.1% in 2019. The prevalence of
hypercholesterolaemia generally exhibits an increasing with age (NHMS, 2019).

In relation to the male reproductive system, cholesterol is deemed to be
important not only for its role as the common precursor for steroid hormone synthesis
but also because it is the modulator of sperm functions. Cholesterol homeostasis

regulation is crucial for post-testicular sperm maturation. Hypercholesterolaemia has



been shown to adversely affect the post-testicular maturations and normal male
reproductive functions and therefore predisposes to infertility. Nevertheless, the exact
mechanisms are still poorly understood (Whitfield et al., 2015).

Infertility is defined by the inability to conceive after 12 months of regular,
unprotected intercourse. From an epidemiological study in 2018, infertility affects 15%
to 20% of couples which involves 48.5 million couples worldwide (Alahmar et al.,
2018). Surprisingly, almost 50 % are attributed solely to male factors. It has been
demonstrated that 65% of infertile men had hypercholesterolaemia with or without
triglyceridaemia (Sédes et al., 2018).

Currently, there are treatments available for male infertility, for example, anti-
oestrogen like tamoxifen and clomiphene citrates, aromatase inhibitors, and
gonadotropins. However, they have various side effects (European Association of
Urology Guidelines on Male Infertility, 2018). The current modern treatments are also
less accessible especially for those in the rural areas due to the high costs coupled with
the need for long-term treatment. In addition to the modern treatments, herbs and
traditional medicine such as Eurycoma Longifolia (‘Tongkat Ali’), Tribestan,
Ashwagandha, and Manuka honey are also used as an aphrodisiac to improve male
reproductive functions.

Tualang honey is a wild poly-floral honey produced by rock bees (Apis dorsata)
which build hives high up in the branches of the Tualang tree (Kompassia excelsa). It
owns a high reputation in Malaysia due to its medicinal benefits. Tualang honey is
collected only by authorised bee hunters under the supervision of the Malaysian Federal
Agricultural Marketing Authorities (FAMA). It contains approximately 200 substances
such as sugars (fructose, glucose, maltose, and sucrose), a small number of other

components such as organic acids, vitamins, minerals, proteins, flavonoids, phenolic





