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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-α and IL-1β significantly. 

Atorvastatin reduced serum TNF-α and IL-1β 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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 خلاصة البحث

ول كوليستر ال ازنتو  تلالخم وإالد رتفاع كوليسترولإلغذاء عالي الكوليسترول إلى  ستهلاك المفرطلإيؤدي ا
تزايدة بسبب مأهمية  سل ذاستخدام العإأصبح .على الوظائف التناسلية للذكور ا  مما يؤثر سلبفي الجسم 

ي المحتمل تأثير الوقائقييم الاسة لتجريت هذه الدر أ   .فوائد العسل بيّ التي ت   العلمية الدلائلزيادة توافر 
 الأرانب في ل الدمتيرو سرتفاع كوليإة الإنجابية للذكور والناتجة عن ضد ضعف القدر  عسل الثلاثيلل

موعات. مج 6مت إلي سّ ق  ندية يوزيلار الأرانب البيضاء النبعون من ذكو ثمانية وأر ومقارنته بالأتورفاستاتي. 
بينما لى التوالي ع يوم من العسل/كجم/جم 0.6و 0مع  التجاريغذاء الأرانب بمجموعتان  غ ذّيت
من  يوم/كجم/جم 0.6و 0.3و 0مع كوليستيرول لا غذاء عالي على الأخرى الأربع المجموعات غ ذّيت
متتورفاستاتيالأ من يوم/كجم/مجم 2و العسل لمرحلة اهدفت  راحل.مالدراسة إلى خمس  هذه . ق سِّّ

ضادة يمات المنز الإو  الإجهاد التأكسدي مؤشرعلى مستوى الدهون و  دراسة تأثير العسلالأولى ل
يرول لكوليستخفض ا في لأتورفاستاتيل مساو  عسل ثير التأ كانم والخصيتي.الد مصل للأكسدة في

في  فضلأالدم  لمص في الإنزيمات المضادة للأكسدةكانت الزيادة في .  الكلي والكوليستيرول الضار
 لعسلاتأثير  د رسة الثاني ةلمرحلا في. الخصيتي في أظهر الأتورفاستاتي أكثر تأثيرا  مجموعات العسل بينما 
 ستوياتم من اتيفاستتور الأو  العسل كل من  ضالدم. خفّ  مصل لتهابية فيالإ على المؤشرات الحيوية

ناسلية ت الترمونااله علىعسل ير التأثف حص ، . في المرحلة الثالثةفي مصل الدم المؤشرات الحيوية الإلتهابية
رعة بجخاصة ل العسحسَّن  .مؤشر مقاومة الإنسوليعلى و  ،والخصيتي الدم مصل في الذكرية

سن في  أي تحفاستاتيتور الأظهر . لم ي  هرمون تحفيز الجريبهرمون التستوستيرون و يوم /كجم/جم0.6
تأثير  مق  يّ الرابعة  المرحلة في .يمؤشر مقاومة الإنسول الأتورفاستاتي علىلا و  العسل ؤثرالهرمونات. لم ي  

صفات  على إيجابيا  ثر أ يوم/كجم/جم0.6خاصة بجرعة  الثلاثي ل على الحيوانات المنوية. العسلالعس
 ير العسل علىتأث متيّ قامسة المرحلة الخ الأتورفاستاتي أسوأ النتائج.حدث أبينما  الحيوانات المنوية

 فيو كسية للخصية ات التنلتغير افي  ا  تحسينالثلاثي التغيرات النسيجية في الخصيتي والبربخ. أحدث العسل 
البربخ   الخصيتي و سيجية فيالن التغيرات .نسجة الطبيعية للبربخالأ لحفاظ علىتكوين الحيوانات المنوية وا

الصحية   هي فوائدلثلاثاأظهر العسل  بناءا  على ماسبق:. في مجموعة الأتورفاستاتي أكثر شدة تكان
، لتهابيةالايوية الح تللمؤشرا ثبطومعزز للإنزيمات المضادة للأكسدة، وم لكوليستيرول الدمخافض ك

 بخ. تي والبر لخصيسيجية لات النالتغير فف من ومخ الذكريةوالهرمونات التناسلية  ت المنويةلحيوانالن سّ ومح
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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 
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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 Ouvrier 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 (Yaghoobi 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 


