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ABSTRACT  

Although testicular tissue is highly dependent on oxygen to drive 

normal spermatogenesis, it is highly sensitive to the toxic effect of 

reactive oxygen species. On the other hand, honey is a natural product 

known by its antioxidant properties. Hence, this study aims to 

investigate the antioxidant effects of Trihoney on testicular tissue of 

hypercholesterolemic rabbits and compare its effects with atorvastatin. 

Thirty-six male New Zealand white rabbits were randomly assigned 

into 6 groups (n=6). Two groups were fed with commercial rabbit 

pellet and 0 and 0.6 g/kg/day of Trihoney; while, the other four groups 

were fed with 1% cholesterol diet and 0, 0.3, 0.6 g/kg/day of Trihoney 

and 2 mg/kg/day of atorvastatin respectively. After 12 weeks, the 

rabbits were euthanized. The testes were excised and homogenized for 

measurement of malondialdehyde (MDA) and antioxidant enzymes;  

superoxide dismutase (SOD) and glutathione peroxidase (GPx). Administration of 1% 

cholesterol diet increased testicular MDA (p<0.05), reduced SOD (p<0.05) and GPx (p<0.05) 

activities. Trihoney supplementation and atorvastatin treatment reduced testicular MDA and 

enhanced testicular SOD activity. There was no detectable effect of Trihoney on testicular 

GPx activity; meanwhile, treatment with atorvastatin increased GPx activity. Based on the 

findings of this study, Trihoney and atorvastatin play favourable roles in the reduction of 

testicular oxidative stress induced by hypercholesterolemia in rabbit model. 
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INTRODUCTION  

Oxidative stress is induced by the outbalance between production of reactive oxygen species 

(ROS) and the antioxidant carrying capacity of the affected tissue with subsequent tissue 

damage.
[1]

 It causes tissue damage through different mechanisms including lipid 

peroxidation, protein and DNA damage, oxidation of important enzymes and stimulation of 

pro-inflammatory cytokines.
[2]

 To date, oxidative stress is considered as a major contributory 

factor in sperm dysfunction and male infertility.
[3]

 It is an acknowledged risk factor for 

disruption of spermatogenesis at testicular, epididymal and seminal levels.
[4]

 Optimal sperm 

function depends on the presence of low levels of ROS but high levels lead to lipid 

peroxidation of sperm membrane, induce DNA damage, aggravate apoptosis, reduce sperm 

motility, impair sperm function and cause infertility.
[5]

 At the level of testes, the exposure to 

oxidative stress leads to apoptosis and necrosis of testicular cells and testicular atrophy with 

subsequent impairment of spermatogenesis causing reduction in sperm count, percentage of 

normal sperm and sperm motility.
[6,7]

 It also disrupts Leydig cells steroidogenic capacity and 

ability of germinal epithelium to produce normal sperm
.[8]

 Oxidative stress-induced sperm 

damage contributes in 30-80% of male factor infertility.
[3]

  

 

Induction of hyperlipidaemia through a high-energy diet is associated with systemic and 

testicular oxidative stress.
[9,10]

 High energy diet-induced oxidative stress in animal model 

resulted in a reduction of sperm concentration, motility and viability. It also resulted in a 

reduction of testicular and epididymal weights.
[11]

 

 

On the other hand, honey is a known natural product that has been used by all generations, 

traditions, and civilizations as a medicine to treat a wide range of diseases.
[12]

 It is known by 

its antioxidant properties due to the presence of certain components that have antioxidant 

activities. These components include phenolic acids, flavonoids, glucose oxidase, catalase, 

ascorbic acids, proteins and carotenoids.
[13]

 Trihoney is a product developed by the 

Department of Nutrition Sciences, Kulliyyah of Allied Health Sciences, International Islamic 

University Malaysia (IIUM). It is a mixture of Trigona, Mellifera and Tualang honeys at a 

specific ratio optimized using Response Surface Methodology (RSM) of Design Expert 

Version 6.0 software. It is characterized by its high total phenolic content and antioxidant 

capacity. Trihoney showed its effectiveness in reducing oxidative stress systemically and in 

atherosclerotic aorta.
[14]

 Therefore, the prime goal of the current study is to evaluate the 
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antioxidant protective effect of Trihoney against testicular oxidative stress in 

hypercholesterolemic male rabbits and compare its effect with atorvastatin, which is the most 

commonly used lipid lowering agent with antioxidant characteristics.
[15,16]

 

 

MATERIALS AND METHODS  

Animals 

A total of thirty-six male New Zealand white rabbits of 5-months age were used in the 

present study. Their environment was maintained under controlled conditions of humidity, 

temperature and lightning (45-65% humidity, 15-21°C temperature with 12hours light/dark 

cycles). The rabbits were individually housed in stainless-steel cages designed for rabbits 

(Tecniplast, Italy), and they had free access to water and food. The details of the current 

animal experiment were reviewed and approved by the International Islamic University 

Malaysia Institutional Animal Care and Use Committee (IACUC-IIUM), IIUM, Kuantan 

campus. 

 

Preparation of 1% cholesterol diet 

Ten grams of pure cholesterol powder (Nacalai-Tesque, Japan) were emulsified in 20 mL 

(2%) of cholesterol-free coconut oil (Certified Organic, Philippines). Then, the emulsion was 

poured onto 970 grams of rabbit pellet and mixed thoroughly. The high cholesterol diet was 

kept at room temperature. It was repeatedly and freshly prepared twice weekly.
[17]

 

 

Trihoney and Atorvastatin doses 

Two different doses of Trihoney (0.6 g/kg/day and 0.3 g/kg/day) were used in this 

experiment. The animal equivalent dose of Trihoney was calculated based on the conversion 

of human equivalent dose to animal equivalent dose and administered orally. Atorvastatin 

tablets (Prague-Czech) were crushed into fine powder, reconstituted in 1 mL of distilled 

water and given orally at a dose of 2 mg/kg/day.
[18,19]

 

 

Experimental design 

All rabbits were fed with commercial rabbit pellet for 2 weeks to allow acclimatization before 

the commencement of the experiment. Thereafter, the rabbits were randomly assigned into 6 

groups of six animals each and received different diets as follows:  

Group 1: Control (C) (Commercial rabbit pellet).  

Group 2: CH (Commercial rabbit pellet with a daily oral dose of 0.6 g/kg/day Trihoney).  

Group 3: HCD (1% cholesterol diet)  
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Group 4: DAt (1% cholesterol diet with a daily oral dose of 2 mg/kg/day atorvastatin).  

Group 5: DH1 (1% cholesterol diet with a daily oral dose of 0.3 g/kg/day Trihoney).  

Group 6: DH2 (1% cholesterol diet with a daily oral dose of 0.6 g/kg/day Trihoney). 

 

Measurements of body weight were performed and recorded once weekly and Trihoney and 

atorvastatin doses were adjusted accordingly. The experiment was continued for 12 weeks. 

The aim of having CH group was to determine the effect of Trihoney on oxidative stress 

parameters of normocholesterolemic rabbits.  

 

Animal sacrificing and testes harvesting 

At the end of the 12 weeks, the rabbits were fasted overnight and anaesthetized through 

intramuscularly injected ketamine/ xylazine combination at a dose of 50/10 mg/kg body 

weight.
[20]

 Under complete clean conditions, ventral midline incision was made through the 

abdominal cavity and pelvis to expose the internal organs. The left testis was allowed to be 

perfused with normal saline to clear it from the blood.
[21]

 Systemic perfusion was performed 

using iced-cold normal saline through left ventricular approach. The left testis from each 

rabbit was excised, cut into pieces and preserved at −80°C for homogenate preparation.
[22]

 

 

Preparation of testicular tissue homogenate  

Testicular tissue of each rabbit was weighed and homogenized to make 10% homogenate 

(w/v)
[23]

 in ice-cold phosphate buffer saline
[24]

 using Bullet Blender blue homogenizer (Next 

Advance, USA). Twenty microliters of protease inhibitor cocktail (Nacalai tesque, Japan) 

was added to each 1 mL of phosphate buffer saline. The homogenate was then centrifuged in 

a refrigerated centrifuge (ThermoFisher Scientific, Germany) at 10000 g for 15 min at 4 °C. 

The obtained supernatant was stored at −80°C and used as a sample for assaying of testicular 

MDA and the antioxidant enzymes.
[23]

 

 

Protein assay in testicular homogenate 

Protein concentration in the homogenate was measured using protein assay CBB solution 

assay kit (Ready to Use) from (Nacalai Tesque, Japan) according to the manufacturer’s 

protocol. Albumin bovine serum (Nacalai Tesque, Japan) was used as a standard.
[23]

  

 

Analysis of malondialdehyde and antioxidant enzymes  

The levels of intra-testicular MDA (Cell Biolabs, USA), superoxide dismutase (Cell Biolabs, 

Inc. USA) and glutathione peroxidase (Abnova, Taiwan) were estimated 
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spectrophotometrically using assay kits. The analysis was performed according to the 

manufacturer’s instructions.  

 

Statistical analysis 

Statistical Package for the Social Sciences Version 21 (SPSS Inc., Chicago, Illinois, USA) 

program was used for data processing. Data were expressed as means and standard 

deviations. One-way analysis of variance test (ANOVA) was used for data analysis followed 

by a post hoc test to determine any significant differences between the means of the 

independent groups. Differences were considered statistically significant at p values less than 

0.05. 

 

RESULTS  

The results of testicular MDA, SOD and GPx after 12 weeks of 1% cholesterol diet, Trihoney 

and atorvastatin administration are given in Table 1. There was no significant difference 

between CH group and the control in testicular levels of MDA, SOD and GPx. 

Administration of 1% cholesterol diet increased testicular MDA level in the high cholesterol 

diet group which expressed significantly higher level than the control (p<0.05). The testicular 

MDA level was lower in atorvastatin and Trihoney received groups than the high cholesterol 

diet group; however, the significant difference was found only between the atorvastatin 

treated group and the high cholesterol diet group (p<0.05). There was no significant 

difference neither between Trihoney received groups and the control group (p>0.05) nor 

between the atorvastatin treated group and the control group in the testicular MDA level 

(p>0.05). Feeding of rabbits with 1% cholesterol diet significantly reduced testicular SOD 

activity in the high cholesterol diet group when compared to the control (p<0.05). 

Administration of Trihoney or treatment with atorvastatin enhanced the enzyme activity in 

their respective groups, which showed no significant difference from the control (p>0.05). 

Superoxide dismutase activity was comparable in Trihoney and atorvastatin received groups. 

As per testicular GPx activity, the high cholesterol diet group and the Trihoney received 

groups exhibited a significant reduction compared to the control (p<0.05). There was no 

significant difference neither between the high cholesterol diet group and the Trihoney 

received groups (p>0.05) nor between the high cholesterol diet group and the atorvastatin 

treated group (p>0.05). Although the activity of GPx was lower in the atorvastatin treated 

group than the control, the atorvastatin treated group showed no significant difference from 

the control (p>0.05).  
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Table 1: Effects of 1% Cholesterol Diet, Trihoney and Atorvastatin on Testicular 

Malondialdehyde, Superoxide Dismutase and Glutathione Peroxidase.  

Parameter 

Group 

MDA 

(µg/mg protein) 

SOD 

(%) 

GPx 

(mU/ mg protein) 

C 0.13±0.07
a
 28.52±7.67

a
 79.71±18.28

a
 

CH 0.12±0.05
 a
 27.79±2.21

a
 73.71±6.39

a
 

HCD 0.29±0.13
b
 17.15±5.37

b
 45.35±13.38

b
 

DAt 0.13±0.08
a,c

 25.26±9.92
a,b

 66.66±47.29
a,b

 

DH1 0.22±0.10
 a,b,c

 21.10±0.92
a,b

 45.55±5.86
b
 

DH2 0.19±0.16
 a,b,c

 22.15±5.78
a,b

 41.32±1.97
b
 

 

Data were analysed using one-way analysis of variance (ANOVA). A Post Hoc comparison 

using LSD test was used to test the significant difference between the groups. Values are 

given as mean ± standard deviation of mean. 
a,b,c

 Values not sharing a common superscript 

letter within the same column differ significantly at p<0.05. C: commercial pellet; CH: 

commercial pellet plus 0.6 g/kg/day Trihoney; HCD: 1% cholesterol diet; DH1: 1% 

cholesterol diet plus 0.3 g/kg/day Trihoney; DH2: 1% cholesterol diet plus 0.6 g/kg/day 

Trihoney; DAt: 1% cholesterol diet plus 2 mg/kg/day atorvastatin; MDA: malondialdehyde; 

SOD: superoxide dismutase; GPx: glutathione peroxidase. 

 

DISCUSSION  

In the current study, rabbits fed with 1% cholesterol diet experienced a significant increase in 

testicular MDA accompanied by a significant reduction in testicular SOD and GPx activities. 

These findings indicate that the rabbits from this group were exposed to testicular oxidative 

stress. Trihoney supplementation reduced MDA level; meanwhile, enhanced testicular SOD 

activity with no detectable effect on testicular GPx activity. Treatment of rabbits with 

atorvastatin reduced testicular MDA and enhanced testicular SOD and GPx activities.  

 

Malondialdehyde is the end product of lipid peroxidation and commonly used marker to 

evaluate lipid peroxidation of serum, plasma and tissues.
[25,26]

 Enzymatic antioxidants are 

termed as natural antioxidants, they prevent oxidative stress-induced cellular damage via 

scavenging excessively produced ROS.
[27]

 They consist of superoxide dismutase (SOD), 

catalase, glutathione peroxidase (GPx) and glutathione reductase (GR).
[28]

  

 

In several previous studies hypercholesterolemia has been linked to lipid peroxidation and 

shift of the pro-oxidant-antioxidant balance toward the pro-oxidation in serum and different 

tissues.
[29]

 It induced oxidative stress in serum and aorta,
[14]

 in plasma and liver
[30]

 and in 
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liver, brain, heart, aorta and platelets.
[31]

 The increase in the oxidative stress has been 

positively associated with the duration of hypercholesterolemia.
[32]

 Hypercholesterolemia-

induced oxidative stress has been demonstrated in different animal models as rabbits,
[14]

 

rats
[29]

 and transgenic mice.
[33]

 In human, it was observed that MDA level is higher; whereas, 

GPx and SOD are lower in hypercholesterolemic patients than the healthy subjects.
[34]

 The 

disturbance in pro-oxidant-antioxidant balance was also reported to be associated with the 

increase in total cholesterol (TC) and low density lipoprotein (LDL-c) in the healthy 

individuals.
[35]

 As far as testicular tissue is concerned, feeding of rats with a high-energy diet 

induced testicular oxidative stress evidenced by an increase in testicular MDA and a 

reduction in testicular SOD activity.
[10]

 

 

Hypercholesterolemia induces oxidative stress either through increase production of free 

radicals or reduction of the antioxidant reserve.
[32]

 Although testicular tissue is highly 

dependent on oxygen to drive normal spermatogenesis, it is highly sensitive to the toxic 

effects of ROS.
[8]

 In hyperlipidaemic animals, testicular oxidative stress is due to 

mitochondrial dysfunction as a result to testicular damage, which caused by 

hyperlipidaemia.
[36]

 Dysfunction of the mitochondria induces more ROS production that 

produces further damage to the mitochondrial membrane followed by more ROS 

production.
[5]

  

 

Supplementation of Trihoney reduced testicular MDA and enhanced testicular SOD activity 

as compared to the administration of 1% cholesterol diet alone. These improvements 

demonstrate that Trihoney has the potential to protect against testicular oxidative stress in 

hypercholesterolemic rabbits. The presence of some evidence of oxidative stress in Trihoney 

received groups is explained by the continuation of the high-cholesterol diet administration, 

which is considered to be an ongoing source of oxidative stress. It is well-known that honey 

both from stingless bees and from honey bees has a good antioxidant capacity.
[37]

 The 

antioxidant properties of honey are attributed to its constituents such as glucose oxidase, 

catalase, ascorbic acid, flavonoids, phenolic acids, carotenoid derivatives, organic acids, 

Maillard reaction products, amino acids and proteins.
[38]

 Enhancement of testicular SOD via 

Trihoney might be due to the increase of SOD bioavailibity through reduction of testicular 

cells damage by Trihoney supplementation.
[23]

 This protective effect might explain the 

improvements of testicular and epididymal histopathological changes with improvement of 

reproductive hormones and sperm parameters in Trihoney received rabbits in our previously 
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published studies.
[17,39–41]

 Superoxide dismutase is the main cellular antioxidant enzyme in all 

types of cells. It is of high importance in testicular tissue which contain, in addition to 

cytosolic and mitochondrial SOD, an unusual extracellular SOD produced by Sertoli and 

germ cells.
[8,42]

 Superoxide dismutase prevents lipid peroxidation of plasma membrane by 

neutralizing intracellular and extracellular superoxide anion. It converts superoxide radicals 

to hydrogen peroxide and oxygen. Although GPx is considered to be stable enzyme, it may 

be suppressed in severe oxidative stress and in chronically high levels of H2O2.
[43,44]

 This 

could explain the suppression of GPx in Trihoney received rabbits in the present study. 

 

In line with the current study, administration of honey to rats exposed to cigarette smoke 

reduced testicular oxidative stress marker and restored the antioxidant defence system 

including SOD, catalase and GPx.
[23]

 To further support the ability of honey to enhance the 

antioxidant defence system of the body, consumption of honey supplemented-diet increased 

blood antioxidant agents such as vitamin C, beta-carotene, uric acid and glutathione reductase 

in healthy individuals.
[45]

 Moreover, consumption of honey by healthy adults was capable to 

raise plasma total phenolic contents, plasma antioxidants and reducing capacities.
[46]

 The 

antioxidant activity of Trihoney is probably due to its high total phenolic content and high 

free radical scavenging activity. Trihoney is rich in phenolic components such as Quercetin, 

aempferol, rutin, cathecin, maleic acid, caffeic acid, cinnamic acid, gallic acid, p-

hydroxybenzoic acid, salicylic acid, sinapic acid and vanillic acid, which characterized by 

their antioxidant activities.
[47]

 Among these identified phenolic components, sinapic acid and 

cinnamic acid showed high association with antioxidant activities.
[48]

 Quercetin, Catechin and 

rutin are strong radical scavengers and inhibitors of lipid peroxidation.
[49]

 

 

In the present study, treatment of rabbits with atorvastatin reduced testicular MDA and 

enhanced testicular SOD and GPx activities. It is well-established that statins have a wide 

spectrum of effects beyond cholesterol lowering activities. These effects so-called the 

pleiotropic effects, from which the antioxidant effect is an important property.
[34]

 The 

antioxidant effect of atorvastatin was demonstrated in different tissues and in different 

models.
[50–52]

 It was also speculated that the antioxidant effect of atorvastatin was mediated 

by activation of nuclear factor erythroid 2-related factor 2 (Nrf2) signalling pathway that has 

a key role in stimulation of endogenous antioxidant enzymes.
[15]

 The antioxidant activity was 

suggested as one of the earliest beneficial effects of atorvastatin even before its 

hypolipidaemic effect.
[16]

 Even though atorvastatin showed an improvement in testicular 
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antioxidant enzymes and reduced testicular MDA, it showed the worst effects on the 

testicular histology, serum and intra-testicular testosterone and sperm analysis in our recently 

published studies.
[17,39,40]

 This may indicate that atorvastatin itself has a toxic effect on 

testicular tissue through a mechanism other than the oxidative stress mechanism.  

 

CONCLUSION  

Trihoney showed its effectiveness as a potential protective natural product that minimizes 

testicular oxidative stress in hypercholesterolemic rabbit model, through reduction of 

testicular MDA and enhancement of testicular SOD activity. The antioxidant activity of 

Trihoney is probably due to its high total phenolic content and high free radical scavenging 

activity. This antioxidant activity likely to be one of the main underlying mechanisms 

through which Trihoney improved testicular and epididymal histopathological changes with a 

subsequent improvement of reproductive hormones and sperm parameters. Atorvastatin 

reduced testicular oxidative stress; however, it has been reported to have a negative impact on 

testicular and epididymal tissues, male reproductive hormones and sperm parameters, which 

indicates that atorvastatin itself may have a toxic effect on male reproductive system via a 

mechanism other than the oxidative stress damage.  
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