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ABSTRACT

Overconsumption of high-cholesterol diet induces hypercholesterolemia and disturbs
cholesterol homeostasis in the body which adversely affects normal male reproductive
functions. Use of honey has become of increasing interest due to the increase in the
availability of evidence-based findings demonstrating the beneficial effects of honey
in treating diverse diseases. The present study was undertaken to evaluate the potential
protective effects of Trihoney (a mixture of Trigona, Mellifera and Tualang) against
male reproductive dysfunctions in diet-induced hypercholesterolemic rabbits and
compare its effects with atorvastatin. Forty-eight male New Zealand white rabbits at
the age of 5 months were assigned into 6 groups. Two groups were fed commercial
rabbit pellet and 0 and 0.6 g/kg/day of Trihoney respectively. The other four groups
were fed 1% cholesterol diet and 0, 0.3, 0.6 g/kg/day of Trihoney, and 2 mg/kg/day of
atorvastatin for 12 weeks. The study was planned in 5 distinct phases. The purpose of
the first phase was to evaluate the effects of Trihoney on serum lipid profile and
serum and testicular malondialdehyde (MDA) and antioxidant enzymes; superoxide
dismutase (SOD) and glutathione peroxidase (GPx). Trihoney and atorvastatin
reduced serum total cholesterol and LDL-c significantly. Trihoney was as effective as
atorvastatin in the lipid lowering effect. Trihoney slightly reduced serum MDA but
significantly enhanced serum SOD and GPx. It reduced testicular MDA and increased
SOD significantly. Atorvastatin treatment significantly reduced serum and testicular
MDA and enhanced serum and testicular SOD and GPx. In the second phase, the
effect of Trihoney on serum inflammatory biomarkers was evaluated. Trihoney
administration reduced serum levels of IL-6, TNF-o and IL-1f significantly.
Atorvastatin reduced serum TNF-o and IL-1B significantly. In the third phase, the
effects of Trihoney on serum and intra-testicular testosterone, serum FSH, serum LH,
fasting insulin, fasting blood glucose and HOMA-IR were investigated. Trihoney
particularly at the dose of 0.6 g/kg/day significantly improved serum and intra-
testicular testosterone and serum FSH; whereas, atorvastatin showed no improvement
in these hormones. Both Trihoney and atorvastatin showed no effects on fasting serum
insulin, fasting blood glucose and HOMA-IR. The fourth phase was aimed to evaluate
the effects of Trihoney on sperm parameters. Trihoney particularly at the dose of 0.6
g/kg/day improved the percentages of sperm motility and sperm with normal
morphology as well as reduced the percentages of immotile sperm and sperm with
abnormal morphology. Trihoney improved sperm concentration but with no statistical
significant. Atorvastatin group showed the worst outcome of sperm parameters. In the
fifth phase, the effects of Trihoney on testicular and epididymal histopathological
changes were evaluated. Trihoney ameliorated the testicular degenerative changes,
improved spermatogenesis and maintained the normal histology of the epididymis
with an increase in the number of sperm in its tubules. Atorvastatin treated group
showed severe testicular tubular degenerative changes and epididymal atrophy with
fibrosis. In conclusion, Trihoney showed its potential health benefits as an effective
hypocholesterolemic, anti-inflammatory and antioxidant agent. It was shown to
improve sperm parameters and male reproductive hormones, and attenuate testicular
and epididymal histopathological alterations in high-cholesterol diet fed male rabbits.
Hence, Trihoney plays a favourable role on several mechanisms involved in
combating hypercholesterolemia-induced male reproductive dysfunctions.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Infertility is defined as the failure to conceive in sexually active, noncontracepting
couples for a period of one year or more (Yilmaz et al., 2017). It is a common problem
affecting 15% of couples of childbearing age, with detectable male factor in 30-50%
of all infertile couples (Eisenberg et al., 2014; Oyeyipo et al., 2015). In 20% of
couples, male factor is the only causative aetiology for infertility (Attaman et al.,
2012). The prevalence of male infertility is on the rise globally and is of public
concern owing to its socioeconomic burden (Michael et al., 2015). Due to
environmental contamination and life style changes, infertility rate is going to increase
in the future (Pushpendra & Jain, 2015). Lifestyle-related external factors including
eating disorders can negatively affect spermatogenesis both at central and gonadal
levels (Al Kushi et al., 2016). Poor dietary habits with high-fat or high-cholesterol
intake are the main cause towards the development of hyperlipidaemia and
hypercholesterolemia which are increasing in young people in both developed and
developing nation (Aurelia Ouvrier et al., 2011; Onwe et al., 2015). Dyslipidaemia is a
major risk factor for the development of cardiovascular complications. Its deleterious
effects extend to affect the reproductive functions (Aurelia Ouvrier et al., 2011). The
negative impact of hypercholesterolemia on male reproductive system and fertility has
been reported in animal (Saez Lancellotti et al., 2010) and human (Schisterman et al.,
2014). Hypercholesterolemia  affects testicular  structure and  function,
spermatogenesis, semen quality and ejaculatory function through disruption of

hypothalamic-pituitary-testicular (HPT) axis, impairment of steroid hormone



biosynthesis, impairment of Sertoli and Leydig cells secretory functions, induction of
oxidative stress and disruption of various testicular genes (Pushpendra & Jain, 2015).
Furthermore, hypercholesterolemia affects structure and function of the epididymides
(Aurelia Quvrier et al., 2011).

Complementary and alternative medicine is widely used and rapidly growing
in developing and developed countries. It is used by 80% of African population. In
China, traditional medicine constitutes 40% of health care system delivered. In
Malaysia, US$500 million is spent annually for this kind of care. Complementary and
alternative medicine is used by 70% and 42% of population in Canada and United
States respectively. The wide use of traditional medicine is attributed in developing
countries to its affordability and accessibility, in Asia due to historical and cultural
believes; whereas, in developed countries the main cause of increasing use of
complementary and alternative medicine is the concern about the side effects of
conventional medicine (WHO, 2002).

Honey is an important and unique natural product (Ramanauskiene et al.,
2012). It has been used since ancient times as a therapeutic agent (Pyrzynska &
Biesaga, 2009). Recently, the attention has been increased towards the use of honey
for prevention and treatment of numerous diseases as well as for improving and
maintaining the overall wellbeing (Inoue et al., 2005; Pyrzynska & Biesaga, 2009;
Nweze et al., 2016). The medicinal importance of honey has been demonstrated in
several previous studies. It has been reported to have antioxidant activity (Alvarez-
Suarez et al.,, 2010), anti-inflammatory activity (Borsato et al., 2014) and
Antihyperlipidaemic effect (YYaghoobi et al., 2008; Adnan, Sadiq & Jehangir, 2011).
Traditionally, honey has been used in different cultures for enhancement of male

fertility (Abdul-Ghani et al., 2008; Mohamed et al., 2012). It showed its ability to



