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Summary 

      This study was conducted at the College of Veterinary Medicine - 

University of Basrah to evaluate the protective and therapeutic role of 

tocotrienol supplements against the harmful effects resulting from eating a 

high-fat diet and risks of obesity inducement in male laboratory rats. 

     Forty-four adult male rats aged around 8 weeks and weighting about 80± 

25g were used. The animals were distributed along three experiments of the 

present study. The first experiment (protective) includes 18 male rats (6 for 

each group) divided into control group that fed on low fat diet and drench 

with olive oil (1ml/kg BW), HFD group represent rats fed high fat diet and 

drench with olive oil (1ml/kg BW) while the protective group fed its rats by 

HFD and drench by tocotrienol (60 mg/kg BW) dissolved in olive oil along 

12 weeks. The second experiment (therapeutic) involved 18 male rats (6 for 

each group) were divided into control group, obese group (obese induced by 

fed rats HFD for 12 weeks), and therapeutic group that induced obesity and 

treated by drench tocotrienol (60 mg/kg BW) dissolved in (1ml/kg BW) olive 

oil for about 8 weeks and all group fed low fat diet. In the third experiment 

which was considered as reproductive experiment, 8 males that were 

extracted from protective and therapeutic experiments and 16 females were 

used, randomly divided into 4 groups (2 males and 4 females). The first 

group was normal male rats mated with normal females. The second group 

was male rats fed a high-fat diet for 12 weeks and mated with normal 

females. The third group was male rats fed a high-fat diet plus tocotrienol 

for 12 weeks. The fourth group was male rats fed a high-fat diet for 12 weeks 

than they were given tocotrienols for 8 weeks and a low-fat diet.  Animal 

weight and feed consumption were recorded during the experimental period. 

Blood samples were collected for hematological examination, and serum 

were separative for Lipid profile, liver enzyme, kidney functions, total and 

fractional protein, C reactive protein and glucose   level were measured. 
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Also, some metabolic hormones such as leptin, adiponectin, insulin and irisin 

hormones were measured. In addition, sex hormones and Evaluation of 

sperm vitality were recorded. Histological changes were observed in the 

body's organs (liver, kidneys, and testicles). and gene expression 

(quantitative real-time PCR) in the liver and adipose tissue were examined. 

       The effect of tocotrienols drench to laboratory rats showed significant 

decrease in body weight after the fifth week compared with rats fed HFD in 

protective trial. Although there was no significant difference in therapeutic   

trial along eight weeks. These in turn impaired on body wight gain of HFD 

and HFDT groups despite the tocotrienol reduced the values of body mass 

index BMI, lee index and  adiposity index AI but still higher than their values 

in control group. Feed consumption of the studied animals recorded non-

significant difference in protective experiment, whenever therapeutic 

experiment appeared significant decrease in food consumption for the rats of 

obese group. 

      The results of the present study revealed that there was no specific 

indication for the significant difference of the hematological indices. 

Whatever, total WBC and neutrophil recorded significant decrease in their 

values for rats fed HFD for 12 weeks to induced obesity and drench with 

tocotrienol compared with another studied groups. Administration of 

tocotrienol enhanced liver function and reduced the harmful lipid indicators 

(triglyceride, LDL-c and VLDL-c) and improved HDL-c values in rats 

treated with tocotrienol for the protective experiment.  

     The effect of tocotrienol supplement on HFD led to significantly reduce 

in total protein and globulin levels and failed to enhance the concentration 

of C-reactive protein and glucose too appeared unlike their values in control 

group. In contrast, the therapeutic additive of tocotrienol to obese laboratory 

rats to enhance values of albumin and glucose when compared with 

laboratory rats suffered from obesity risks. The effect of tocotrienol 



____________________________________________________________Summary 

XVI 
 

administration on some metabolic hormones showed significant decrease in 

leptin concentration and improved irisin and insulin concentration in 

protective dose compared to HFD and obese rats in both experiments.    In 

contrast, tocotrienol enhanced LH concentration and reduced the harmful 

effect of HFD on sperm viability in protective and therapeutic experiments. 

The results above were confirmed by histopathological examination of liver, 

kidney and testes. While tocotrienol up regulation gene expression of the 

cpt1b gene and down regulation the gene expression of the IL-1β gene. The 

use of tocotrienols improved reproductive capabilities. In light of the current 

study, we conclude that tocotrienols may have vital roles in reducing 

metabolic risk of HFD and obesity and enhance fertility performance.  

 

 



Chapter One 
 

Introduction 
 

 

 

 

 

 

 

 

 

 

 



Chapter one                                                                               Introduction 

1 
 

      1.1 Introduction  

         Obesity has emerged as a prominent health problem across the world, 

and its prevalence has been significantly growing among an important portion 

of the global population over the last several years  (Petelin et al., 2019).  

Researchers expected that a third of the world's population is now classified 

as overweight or obese and by 2025 worldwide obesity prevalence will reach 

eighteen percent in men and over twenty-one percent in women  (Chooi et al., 

2019).  

Obesity is a complicated illness with various aetiologias, each with its 

own set of severe symptoms and complications(Mouton et al., 2020). It has 

been recognized as the most important factor  of  risk for the development of 

diabetes (Ng et al., 2021), and an increased risk of cardiovascular disease, 

liver disease, and some types of cancer(Marcelin et al., 2019). According to 

statistics, obesity was responsible for the greatest share of metabolic disease-

related mortality  (Chew et al., 2023).The metabolic effect of obesity 

represented by lipid deposition in insulin-sensitive organs, such as the liver 

and the muscles of the skeletal system is related to fatty acid derivates' ability 

to block ingredients of the insulin signaling pathway (Gepstein & Weiss, 

2019). The adiponectin profile and reduce insulin sensitivity due to obesity 

are both independent determinants of the metabolic syndrome's (Gołacki et 

al., 2022). The Metabolic Syndrome (MetS) is described by the World Health 

Organizations (WHO) as the collection of metabolic changes that result in the 

development of obesity, hypertension, and diabetes mellitus…etc.(Sollano-

Mendieta et al., 2023).The process by which metabolic disorder start is excess 

nutrients in metabolic cells may lead to the chronic low-grade inflammation 

associated with obesity, known as metaflammation. These metabolic cells' 
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inflammatory signaling eventually activates specialized immune cells, which 

result in an ongoing inflammatory response in the adipose tissue (Aryaie et 

al., 2020), lowered adiponectin release, reduced insulin sensitivity, and 

activated pro-inflammatory pathways in adipose tissue, the liver, and muscles 

of the skeleton (Kyrou et al., 2018). On the other hand,  leptin levels increase 

in people with high body mass indexes compared to those with normal weights 

in spite of its role in lipolysis (Al-Hejaj et al., 2021). 

     Irisin is important a myokine and adipokine that has lately received a lot 

of interest due to its modes of action. Recent studies found that body mass 

index is negatively related to irisin levels in the blood (Mahmoodnia et al., 

2017; Huerta-Delgado et al., 2020), Also, Dietary intervention significantly 

decreased irisin mRNA protein levels in adipose tissue and skeletal muscle of 

obese male mice (Li et al., 2022).  

     Obesity management entails making behavioral and lifestyle changes, such 

as increasing physical activity and decreasing calorie consumption, to rectify 

the calorie imbalance. However, several medicines, such as Tirzepatide, 

semaglutide, phentermine, lorcaserin, and orlistat, have been used to help in 

weight reduction despite their negative effects (Pang & Chin, 2019; Tan et al., 

2023). The usefulness of bariatric surgery in weight control is becoming more 

well recognized, and it is the preferred therapy when other approaches fail 

(Pang & Chin, 2019). As a result, researchers are increasingly interested in 

investigations of alternatives to obesity therapy, such as functional foods and 

bioactive chemicals (de Moura e Dias et al., 2021). Bioactive food substances 

such omega-3 polyunsaturated acids (Belza et al., 2007), caffeine (Belza et 

al., 2007), astragaloside II (Xu et al., 2009), and vitamin E (Aggarwal et al., 

2010; Peh et al., 2016) are used as dietary treatments. Tocopherols and 
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tocotrienols are two groups of physiologically active compounds found in 

vitamin E. Each class has four isoforms (alphaa (α), betaa (β), gammaa (γ), 

and deltaa (δ), each with a distinct biological function (Sen et al.,2006; 

Aggarwal et al., 2010). 

       Tocotrienols (T3s) are among the compounds that had metabolic effects 

belong to its nutritional properties as a food supplement. It is largely 

considered safe at low doses for alleviation of pathophysiology by animal 

models and ongoing human trials(Ranasinghe et al., 2022). Reports evidence 

recorded that gamma tocotrienol reduce high-fat diet induced obesity and 

insulin resistancce (Zhao et al., 2015). While, delta-tocotrienol improved lipid 

metabolism (Allen et al., 2017), and had the ability to modulating regulatory 

effect of leptin and adiponectin hormones in lipid metabolism in rats 

diagnosed with the metabolic disorder produced by high-carbohydrate 

and diets that are high in fat after three months of therapy (Wong et al. 2018). 

However, another study indicated no effect of tocotrienols on leptin and 

adiponectin levels in rats that suffered from Androgen Deficiency Induced by 

Buserelin (Mohamad et al., 2019). 

1.2 Aims of the study 

      studying the role of tocotrienol supplementation on regulate obesity risks 

by modulation of irisin, leptin, adiponectin and insulin hormones and 

ameliorate the physiological complications result from it. Also, focusing on 

deleterious effect of obesity on reproduction and identifying the role of 

tocotrienol to ameliorate the obesity risks on some reproductive hormones and 

efficiency.  

The study includes: 
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1. Inducing obesity in laboratory rats by high fat diet. 

2. Studying the effect of tocotrienol supplementation on  irisin, leptin, 

adiponectin, and insulin hormones as well as growth, physiological and 

biochemical parameters. 

3. Study of reproductive efficiency for obese male rats followed 

administration of tocotrienol. 
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2.Literature Review 

2.1. Obesity as metabolic disorder, causes and consequences: 

    Obesity is an important public health concern (phenomenon) among all age 

groups in the world (Castellini et al., 2017(.It is anxiety source  in both 

developed and developing countries that acquired confession as the number 

one public health issue in the world due to the large number of death each year 

(Ali et al., 2022). Being overweight or obese increases the risk of developing a 

number of chronic illnesses, such as heart disease and stroke, which are among 

the world's leading causes of death. Being overweight or obese also increases 

the risk of developing diabetes and other related disorders, which can result in 

blindness, amputations, and the need for dialysis (Piché et al., 2020). It can 

lead to musculoskeletal disorders including osteoporosis (Korkmaz & Özkan, 

2022). Also, Obesity was linked to some types of cancer, including cancer of 

the endometrium, breast, ovary, prostate, liver, gallbladder, kidney, and colon 

(Font-Burgada et al., 2016). The risk of growing these metabolic diseases 

increases even when a person is slightly overweight and increases with a 

higher body mass index (BMI), According to a research, obesity-related 

diseases claim the lives of more than four million individuals each year 

(WHO, 2022). According to the global burden of illness, the prevalence of 

overweight or obesity doubled globally between 1975 and 2016, and it is now 

a significant societal issue everywhere ( Kato et al., 2022). The definitions of 

overweight and obesity include excessive or abnormal fat accumulation that 

poses a health risk (WHO, 2022). Body weight may increase as a result of an 

imbalance between energy from meals and energy used, with the majority of 

surplus energy being stored as fat (Di Meo et al., 2017). Excess energy storage 

can cause fat cells to either multiply (hyperplasia) or enlarge (hypertrophy). 
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Hypertrophy of adipocytes can be stopped by consuming less food, while 

hyperplasia is more resistant to alteration (Otto & Lane, 2005). 

       Several variables, including genetic, endocrine, metabolic, neurological, 

pharmaceutical, environmental, and nutritional factors, impact both types of 

obesity (Sun et al., 2011). 

     Although changes in the environment have undoubtedly led to the rapid 

increase in prevalence, obesity is caused by an interaction between 

environmental factors and innate biological factors (Loos & Yeo, 2022b). 

Environmental factors such as prolonged work, the role of social networks, 

and peers also increase the prevalence of obesity (Omar, 2020). Obesity was 

classically divided into two types depending on the number of genes 

responsible for obesity in individuals, the so-called monogenic obesity, which 

is inherited in a Mendelian pattern, rarely, early and severe onset and 

involving either small or large chromosomal deletions or monogenic defects; 

and obesity Polygenic (also known as common obesity), which is the result of 

hundreds of polymorphisms each with a small effect. (Chami et al., 2020) 

Crucially, there is a strong genetic component that underlies the large 

interindividual variance in body weight that determines people's response to 

this "obesity" environment (Loos & Yeo, 2022a). Studies on twin, family, and 

adoption have estimated the heritability of obesity to be concluding that it ,s 

percent ranges between 40% and 70% (Elks et al., 2012). It can be said that 

among the factors led to the spread of obesity is the genetic variation among 

individuals, as more than 360 genes were identified that led to the 

development of obesity (Nadulska et al., 2017). Depression, anxiety, and stress 

are among the causes of obesity (Gomez-de-Regil et al., 2020). As well as, 

medical conditions such as polycystic ovary syndrome also contribute  in 

weight gain (Behboudi-Gandevani et al., 2017) hypo -thyroidism, Cushing’s 
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disease and certain medications such as anti-depressants, anti-diabetic and 

anti-hypertensives are contributing to weight gain (Wharton et al., 2018). 

Studies on humans have shown that diet-induced weight loss is associated with 

elevated levels of hormones that promote appetite (such as ghrelin) and 

lowered levels of hunger-suppressing hormones (such as leptin). After the 

weight loss, these hormonal changes continue for at least a year ( Gutyon and 

Hall.,2022). 

 Pathogenesis of obesity growing may include insulin resistance, adipose 

tissue inflammation, and lipogenesis constitute a pro-obesity mechanism  (Wen 

et al., 2022). The potential mechanisms for obesity development have brain 

networks that include nutrients (fatty acids, triglycerides (TG), and glucose), 

circulatory variables (insulin, leptin), and cytokines associated with 

inflammation (Grzęda et al., 2022). 

        According to Suleiman et al. (2020), an overabundance of adipocytes has 

detrimental effects on the pancreas, liver, the kidneys, the brain, heart, organs 

for reproduction, muscle tissue, and joints. Type 2 diabetes becomes inevitable 

when pro-inflammatory cytokines are stimulated by the production of 

adipokines. This leads to an impairment of insulin in the pancreas and 

inflammation (Al-Goblan et al., 2014).  

       Any individual who is fat or overweight has some level of insulin 

resistance, and when they don't take in enough insulin to equal their level of 

insulin resistance, they get diabetes. Even if these individuals have high levels 

of insulin, their blood sugar cannot be brought back to normal (Røder et al., 

1998). Obese individuals' adipose tissue secretes non-esterified fatty acids 

(NEFAs), which might support the theory that insulin resistance and cell 

dysfunction are probably connected (Kahn et al., 2006) Obesity-related 
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metabolic disorders are frequently linked to cellular illnesses such 

mitochondrial malfunction and/or lipotoxic stress on the endoplasmic 

reticulum or systemic processes like metabolic inflammation (Kleinert et al., 

2018). Liptoxicity effect on liver tissues leads to liver disease. Similarly, an 

increase in adipocytes yielding mechanical stress on the joints, muscles, and 

kidneys results in mechanical stress on the joints and renal stress, respectively, 

which eventually causes kidney failure and osteoporosis (Heymsfield & 

Wadden, 2017). Increasing insulin resistance has an adverse effect on the brain 

by boosting the neurotransmitter Insulin stimulates leptin's ability to inflame 

neurons, which eventually leads to neurodegeneration in the hippocampus and 

memory impairment (Bloemer et al., 2014). Fat builds up in the heart muscle 

as a result of growing obesity's negative effects on the cardiovascular system 

(Ortega‐Loubon et al., 2019) . Dyslipidemia is brought on by this mechanism, 

which speeds up the breakdown of triglycerides into free fatty acids. This 

ultimately results in coronary heart disease (Van Gaal, 2010). In addition to the 

above, the accumulation of fat affects the reproductive system through the 

production of reactive oxygen species, which leads to a decrease in sexual 

behavior, performance and fertility (Suleiman et al., 2020) . 

       The pathophysiological background of obesity and its complications  are 

determined by white adipose tissue (AT) mass and  influenced by  AT 

dysfunction, body fat distribution, and disease stage (Goossens, 2008; Blüher, 

2013;Goossens & Blaak, 2015; Goossens, 2017; Frühbeck et al., 2019). 

     Adipocyte-derived fatty acids and cytokines seep into the bloodstream 

when an individual is obese because their adipocytes' capacity to store fat is 

surpassed (Guilherme et al., 2008). After then, the toxic lipids build up in the 

tissues and produce localized inflammation, which has a role in the 

development of insulin resistance, non-alcoholic fatty liver disease, and 
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endothelial dysfunction (Unger, 2003; Feldstein et al., 2004). Impaired 

metabolism in other tissues, such as the liver or pancreas, is also a result of 

altered adipokine or lipokine production (Fasshauer & Blüher, 2015 

;Hotamisligil & Bernlohr, 2015). 

 

2. 2 Obesity inducement methods:   

       Incidence of diabetic and hyperlipidemia with their relation to coronary 

heart disease in animals and human has attracted the researcher’s attention. 

Research conducted on many animal species, particularly mice, rats, and 

sheep, facilitates comprehension of the mechanisms behind the emergence of 

obesity and facilitates the exploration of potential intervention approaches 

(Grzęda et al., 2022). Scientists suggest various methods for obesity 

inducement in animals, it can be induced chemically, surgically, genetically, or 

through diet (Barrett et al., 2016; Pinheiro-Castro et al., 2019). Although 

obesity is regarded as multifactorial etiology, some scientists focused on 

unhealthy eating patterns (such as consuming fast food), whereas, others 

showed that the increased incidence of obesity belong to environmental factors 

(Grzęda et al., 2022). Diet is considered as a  major factor contributing to 

obesity Epidemic, not genetic changes ( Malik et al., 2013). For this reason 

instead of monogenic or polygenic models, animal models of diet-induced 

obesity have been favored used (Marques et al., 2016).   Therefore,  scientists  

are interested in diet-induced obesity (DIO) as the main procedure for obesity 

inducement despite their time consuming and cost. However, the DIO model 

encapsulates a significant portion of the pathophysiology of obesity, including 

slow, steady weight increase and the emergence of secondary insulin 

resistance (Kleinert et al., 2018). 
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       The most prevalent models of obesity caused by diets are: high-fat diet 

(HFD), high sugar diet (HSD) (Sadowska & Bruszkowska, 2017), high-fat-

high-sugar diet ( Moreno-Fernández et al., 2018; Birulina Julia et al., 2020), 

cafeteria (CAF) diets (Lalanza & Snoeren, 2021) and Western diet (WD) 

(Bortolin et al., 2018).  

        In fact, food signaling maintain energetic homeostasis through vagus and 

humoral pathways that significantly interact with the brain  immune pathways 

(Gomez-Smith et al., 2016). Chronic exposure to conditions of excessive 

caloric intake leads to abnormal feeding patterns and abnormal immune 

responses (Gómez-Pinilla, 2008). Diet-induced obesity (DIO), When rats were 

administered HFD, they developed obesity, but diet-resistant rats developed 

body weights similar to rats in the control group when fed a low-energy diet. 

DIO in rats becomes less responsive to leptin's hypophagic activity between 4 

and 5 weeks of life, while they are thin and before their body weight begins to 

diverge (Willett and Leibel, 2002). It is clear that animals exposed to HFD 

acquire obesity and have lower levels of insulin and leptin sensitivity (Hariri 

and Thibault, 2010).  

       High-fat diets are frequently used to cause obesity in animals (Picklo et 

al.,2017;  Bortolin et al.,2018) because they generate harmful metabolism 

effects, implying that diet is a major contributor to the obesity epidemic 

(Krishna et al.,2016).   ). The mechanisms associated with this model are 

excessive intake of HFD leading to reduced satiety, which in turn leads to 

storage of dietary fat in the body and modification of hormones required for 

energy balance (Garg et al., 2022). This, in turn, led to lower inhibition of 

ghrelin production following ingestion of a the high-fat diet, also leptin and 

insulin resistance in HFD-induced hyperinsulinemia and hyperleptinemia 
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(Hariri and Thibault, 2010). Obesity frequently exhibits a noticeably elevated 

serum leptin level together with a leptin-resistant symptom (Friedman, 2002). 

           A high-fat (HF) diet can lead to obesity and metabolic disorders in 

rodents and dietary intervention is not standardized, and the phenotype 

induced by HF clearly differs between different studies (Buettner et al., 2007). 

It can affect metabolic imbalances by decreasing energy intake and, as a 

consequence, increased body weights of laboratory animals (de Moura e Dias 

et al., 2021). However, variances exist between rodent species and strains. 

Wistar and Sprague-Dawley rats can be utilized as models for HFD-induced 

obesity (Marques et al., 2016). The HF diet increased weight, body fat mass, 

mesenteric adipocyte volume, plasma adiponectin and leptin levels, and 

decreased oral glucose tolerance in Wistar and SD rats. However, the majority 

of these effects was more pronounced or was detected earlier in Wistar rats. 

(Marques et al., 2016), Many studies have used high-fat diets with varying 

compositions and fat content. Animals (lard, tallow), plants (olive oil, 

sunflower, maize, coconut), and fish can all be sources of fat (Hariri & 

Thibault, 2010). Another crucial component is the content of fat in the diet, 

which typically ranges from 30% to 60% (de Moura e Dias et al., 2021). The 

feeding time varied between research, often ranging from 4 to 16 weeks (de 

Moura e Dias et al., 2021).  

A sugar-rich diet also contributed to obesity in experimental mice. In 

experimental animals, sucrose was provided separately from conventional 

feed, as a superfood addition, or combined with drinking water (Pinheiro-

Castro et al., 2019). HSD impairs glycemic control in rodents. These effects 

were comparable to those reported following HFD diet (Grzęda et al., 2022). 

Another study had given rats high-fat, high-carbohydrate diet rich in lard 

(17%) and fructose (17%) and drank 20% fructose solution, after 12 weeks of 
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feeding on the respective diet the final body weight did not differ between 

control and experimental groups. At the same time, adipose tissue/body weight 

proportion of experimental rats, including mesenteric, epididymal and 

retroperitoneal fat increased for more than 2 times, this was an important 

Indicator to the presence of obesity in experimental mice group (Birulina Julia 

et al., 2020). Daffalla et al., (2015) showed that the body weight in rats fed 

with the high carbohydrate was increased when compared with the normal, 

high fat diet and high fat plus carbohydrate diet rats. Rats fed a diet high in 

carbohydrates and fats developed increased blood pressure, cardiac fibrosis, 

and increased hardening of the heart and endothelium. Dysfunction, impaired 

glucose tolerance, increased abdominal fat deposition, altered plasma lipid 

level, cirrhosis and increased plasma liver enzymes with increased plasma 

markers of oxidative stress and inflammation as well as increased 

inflammatory cell leakage due to high carbohydrate and fat intake (Poudyal et 

al., 2010). 

        However, body weight growth and adiposity in HSD-fed mice were lower 

than those fed an HFD (Kleinert et al., 2018). Mice fed the HFD gained more 

weight than the mice fed HFHS despite having a similar amount of energy  

(Omar et al., 2012). Exposing mice to the HS diet increases visceral adipose 

tissue without increasing or decreasing body weight or glucose disposal rates. 

Increased glucose in the liver binds to plasma glucose and free fatty acids in 

the serum (Cao et al., 2012). This model of Lipidosis and hepatic 

mitochondrial swelling was found also in HS diet when fed to rats (Cao et al., 

2012). It also led to the emergence of differential effects on the development 

of insulin resistance and beta cell adaptation between HFD and HFHS diet 

models (Omar et al., 2012).  
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         The CAF diet is effective in inducing obesity and metabolic disorders, as 

evidenced by increased body weight and obesity index, hyperlipidemia, 

hyperglycemia, glucose intolerance and insulin sensitivity (dos Reis Costa et 

al., 2022). The cafeteria diet is a clear imitation of Foods paradigms that cause 

human obesity. Excessive eating causes increases in energy expenditure as a 

result of sympathetic stimulation of brown adipocytes. Excessive consumption 

of diet meals in the cafeteria indicates an increase in frequency and/or average 

meal size. These diets give the animals with a mix of sugar and salt, as well as 

rich fats from solid meals (La Fleur et al., 2010; Cook et al., 2017). The CAF 

diet is used in laboratory settings, where animals are fed a combination of 

high-fat and high-sugar foods that people commonly consume (e.g., cake, 

biscuits, crisps, processed meat, peanut butter, chocolate, cheese, dried fruit) 

(Lutz & Woods, 2012; Small et al., 2018; Pinheiro-Castro et al., 2019). The 

components of the CAF diet are high in energy and extremely tasty, which 

enhances the tendency of animals to overeat and gain weight (Lalanza & 

Snoeren, 2021). These   led to increases fat pad mass and pre-diabetic 

parameters such as glucose and insulin intolerance.(Sampey et al., 2011), 

However, the diet is imbalanced due to differences in product quantity, kind, 

and energy value (Grzęda et al., 2022). Cafeteria food contains food additives 

and is deficient in vitamins and minerals, which may alter the makeup of the 

gut flora, leading to obesity and other metabolic abnormalities (Bortolin et al., 

2018). As a result, it is difficult to tell whether the metabolic issue is caused by 

the excessive fat content or the food additive, because the low level of 

micronutrients may affect it, making it impossible to analyze the real impact of 

nutrients on the development of obesity (Bortolin et al., 2018).   

     Western diet (WD) a composition similar to Western food has also been 

used  as similar as possible to the human diet (i.e. a diet high in fat, sugar and 
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salt and low in fiber content), but nutritionally adequate and free of additives 

and does not show dietary heterogeneity. WD design was intended to combine 

the optimal properties of HFDs and CAFs and thus create a highly suitable and 

reproducible diet (Bortolin et al., 2018). 

       Other considerations to take into account are that mice and rats respond 

differently to diet; and strain, sex, and age, influence responses to diet, with 

younger animals and males being more susceptible to comorbidities associated 

with obesity (de Moura e Dias et al., 2021). Compared to vegetable fats, 

dietary lipids derived from animals have a more noticeable impact on obesity 

and insulin resistance (Kubant et al., 2015). Minor modifications in food 

composition such as changes in proportion saturated to unsaturated fatty acids 

(Timmers et al. 2011), As well as the form of the food, whether solid  or liquid 

leads to various DIO outcome (Kleinert et al., 2018) . 

        Rats fed a high-fat, high-carb diet for 12 weeks showed an increase in 

body weight/adipose tissue ratio as well as elevated blood pressure. An oral 

glucose tolerance test (GTT) and an insulin tolerance test (ITT) have shown 

hyperglycemia, poor glucose tolerance, and insulin resistance in mice with 

MS. While total plasma cholesterol (TC) and HDL-Ch did not differ from the 

controls, a greater plasma TAG level was noted in the experimental group. 

Mice with MS had increased levels of TAG and Ch in their livers, as well as a 

body weight to liver ratio (Birulina Julia et al., 2020). 

       The combination of genetic and dietary impacts on the animal is included 

in the diet-induced obesity paradigm; it can also be a rapid technique to 

generate obesity, which then leads to insulin resistance. The model is 

economical and exhibits a lot of similarities to human obesity (Suleiman et al., 

2020). 
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2.3- Tocotrienols a subclass of vitamin E: 

            A potent and important component of the human diet is vitamin E. The 

existence of this powerful fat-soluble antioxidant is essential for the 

maintenance of the body cells. The advantages of this vitamin, which is quite 

widespread in nature, come from its potent antioxidant properties 

(Devasagayam et al., 2004). Due to its fat-soluble nature, it can easily react 

with deleterious oxidizing substances and pass through cellular membranes, 

exploiting its weak hydrogen bonds to prevent possible oxidative damage 

(Ravisankar et al., 2015). Two subclasses of vitamin E are found: Tocopherol 

and Tocotrienols (TT), which are further divided into four isomers alpha (α), 

beta(β), gamma (γ) and delta (δ) (Wong et al., 2017a). These isoforms have 

modest molecular variances in composition despite tocotrienol sharing the 

same primary structure with tocopherols by consisting of a 6-chromanol ring 

and a hydrophobic carbon side chain (Pang & Chin, 2019), Comparing  

tocotrienol to the fully saturated side chain of tocopherol, it is recognize from 

the unsaturated phytyl side chain at the positions of 3, 7, and 11 of the side 

chains. This tocotrienol property enables more effective tissue penetration, 

which causes variations in their bioavailability, performance and functioning 

(Chin et al., 2016). TT is a lipophilic substance that is associated with cellular 

membranes, fat deposits, and lipoproteins (Suzuki et al, 1993 ; 

Meydani,1995). Common plant-based oils including canola, soybean, and 

maize oils are among these sources. Low-used sources with strong antioxidant 

properties, such as palm and rice bran oils, as well as the annatto plant, can 

contain significant amounts of tocotrienols. Rice bran, oats, wheat germ, palm 

oil, and annatto oil are the main food sources for TT(Mesri Alamdari et al., 

2020). Tocotrienol obtained from annatto (Bixa orellana) bean is unusual in 
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that it mostly includes δ-tocotrienol (about 90%) and γ-tocotrienol (roughly 

10%), with no α-tocopherol (figure 2.1)(Qureshi et al., 2015 a). It is 

acknowledge as a functional dietary ingredient with antioxidant and anti-

inflammatory properties (Pervez et al., 2020).  

       Tocotrienols are transported throughout the body's tissues and important 

organs, including the skin, liver, heart, spinal cord, skeletal muscles, lung, 

adipose tissue, and brain (Patel et al., 2006). TT is absorbed in the small 

intestine and enters the systemic circulation as chylomicrons before 

disintegrating and attaching to circulating lipoprotein vectors for transmission 

(Napolitano et al., 2019). A typical way to improve fat solubility vitamin 

absorption provided in the form of an emulsifier, and eaten tocotrienols create 

an emulsion with the gastro-intestinal fluids as soon as they enter the intestines 

(Yap and Yuen, 2004).  

      Tocotrienol intake has a significant downside represented by quickness of 

metabolism and easiness of removal from the body (Lodge et al., 2001). It is 

either removed after being dissolved in bile acids and absorbed in feces or it is 

evacuated through urine after being made more water-soluble by shortening 

the side chains (Liu and  Jiang, 2020). When tocotrienol concentration in the 

blood reaches its highest, the bioavailability is only of brief duration and is not 

sustained in plasma for an appropriate amount of time, lasting no longer than 

3.5–4 h. After 24 hours, it totally vanishes from blood (Jaafar et al., 2018) . 

       Previous preclinical studies showed that tocotrienol, particularly delta 

tocotrienol, have a range of physiological effects, including remarkable 

antioxidant (Vasanthi et al 2012), anti-inflammatory and anti-obesity (Wong 

et al. 2017b), anti-insulin resistance (Shen et al.,2018), anti-hepatosteatosis 

(Allen et al.,2017), and antihypercholesterolemic properties (Zaiden et al., 
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2010). An TT produced from annatto had high concentration of TT and almost 

no TF (figure 2.1)(Qureshi et al., 2015 a). TT supplementation enhances bone 

health in rats deficient in testosterone by promoting bone formation (Chin & 

Ima-Nirwana, 2014). Among the eight vitamin E isomers, δ-TT and γ-TT are 

regarded as the most effective isomers compared to alpha and beta isomer of 

TT  because they have antioxidant and mevalonate-suppressing properties 

(Shen et al., 2018). A study on Tocotrienol rich fraction (TRF) therapy 

revealed various effects, including the up-regulation of gene expression for 

cell division, transcription, G protein-coupled receptor signaling, which is 

multi-cellular organismal growth, protein- Kinase activity, cell surface 

receptor signaling, and response to glucocorticoids, as well as a decrease in the 

expression of aging-related genes when therapy was continued for three 

months (Ghani et al., 2019). Other study for supplementation with tocotrienol-

rich fraction (TRF) found it reduced overall DNA damage more in older 

people (>50 y) than in younger adults (35-49 y) ( Chin et al., 2008). 

Additionally, older people fed with TRF showed improved blood lipid 

profiles, levels of vitamins E and C, as well as decreased levels of protein and 

lipid damage (Chin et al., 2011). 

        In NAFLD patients, miRNAs related in hepatic steatosis, inflammation, 

and apoptosis are downregulated by T3 and TF. Meanwhile, miR-375 and 

miR-34a, which are connected to the control of inflammation and apoptosis, 

are decreased by T3 more significantly than by TF(Pervez et al., 2023) .  
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Figure 2.1 Chemical structures of annatto tocotrienols (90% δ-tocotrienol 

+ 10% γ)-tocotrienol) (Qureshi et al., 2015 a ) 

 

2.4- Effect of Tocotrienol Supplement on body weight and 

weight gain   

          Body weight is one of the main indicators of obesity, Wong and his 

colleagues observed that giving Wistar rats HFD for 8 weeks 120 mg/kg/day 

of TRF had no influence on their overall weight increase, but it reduced body 

weight gain in high carbohydrate diet supplemented with TT fed rats group 

compared with other groups of the study (Wong et al., 2012). Chin and Ima 

Nirwana, (2014) evaluated the antiosteoporotic effects of annatto derived 

tocotrienol (AnTT) 60 mg/kg/day given orally for 8 weeks using a testosterone 

deficient osteoporotic rat model.  The results showed that  The percent increase 

in body weight was significantly less in the testosterone group than in AnTT 

groups. Adding to HFD with 0.05 percent T3 for four weeks reduced the 
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obesity caused by the HF diet in young mice (Zhao et al., 2015a). In 

diet‑induced obese rats, δ - tocotrienols administration has demonstrated to 

decrease total body fat mass, abdominal circumference, and visceral adiposity 

index( Wong et al., 2017). The average body and fat pad weights of the 

treatment groups in different doses with supplementation delta tocotrienol 

(δT3) at 400 mg/kg and 1600mg/kg for 14 weeks revealed non-significant 

difference from that of high fat diet fed mice(Allen et al., 2017). A previous 

study indicated that the use of tocotrienol-rich fractions TRF for 8 weeks in 

obese rats did not lead to a significant decrease in weight  after the  treatments 

for a period experiment(Mesri Alamdari et al., 2020). It has been reported that 

combined treatment with HFD and T3s  in  male mice (50 mg/100 g diet)  for 

8 weeks    significantly inhibited body weight gain  compared to HFD without 

T3 supplement  group , while  no significant difference was found between the 

control groups and tocotrienol treatment group (Kato et al., 2021). 

Shen et al., ( 2021) discovered that there were no variations in body weight 

between the HFD group and the HFD+TT800 group during the course of the 

14-week trial in C57BL/6Jmice fed either a high-fat diet (HFD control) or 

HFD supplemented with 800 mg annatto extracted TT/kg  . 

In other study, using a HFD increased body weight compared to HFD  with 

additive tocotrienols  (50 mg/100 g diet; α-:β-:γ-:δ- = 33.4:4.4:46.7:15.2, After 

13 weeks, a significant reduction in body weight was noticed the buildup of 

perirenal fat reduced in comparison to the high-fat diet-treated Mice group( 

Kato et al., 2022). The T3s-treated obese mice had a greater end body weight 

than the T3s-treated control animals, despite the fact that T3s therapy inhibited 

body weight gain in obese mice compared to the untreated group. The 

inhibitory impact of T3s on body weight slowed the HFD-induced weight 
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gain.T3s undoubtedly inhibit the body weight gain produced by the HFD 

(Kato et al., 2022). 

     Palm oil‑derived tocotrienol‑rich fraction has caused greater weight gain 

compared to vehicle-treated diabetic rats when  TRF oral treatment for 12 

weeks. Although there was no significant difference between the two groups 

till the fifth week of experiment.   However, subsequently, rats in Tocotrienols 

showed significantly greater weight gain compared to vehicle-treated diabetic 

rats and the difference amounted to 1.8-fold at week 12 post-streptozotocin 

STZ administration for diabetic inducement (p<0.05).(Abdul Ghani et al., 

2023). 

Brain, heart, liver, kidneys and testes weights significantly increased in 

Tocotrienol group (3%) of a preparation in powdered diet (Nakamura et al., 

2001).Whereas in the other study, γT3 treatment considerably reduced the 

weight of the liver, total epididymal fat, and mesenteric fat in mice, but it had 

little effect on the weights of other tissues like perirenal fat or brown adipose 

tissue (Zhao et al., 2015). 

2.5- Effect of Tocotrienols supplementation on feed intake of 

laboratory rats: - 

         Estimation of feed quantity consumed from the experimental animals had 

a relation with the general health and body weight status for these animal.  

Also, it is an indicator for the right preparation of formula through follow-up 

the daily consumption. In case of obesity, there were many studies that used 

HFD for induction and investigation of the good palatability from the animals 

(Marques et al., 2016; de Moura e Dias et al., 2021), but still there was a 

difference when compared with tocotrienol addition to feed.        
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      Budin et al., (2009) reported Throughout the trial, palm oil tocotrienol-rich 

fractions TRF supplementation had a significant impact on water and food 

intake, but the statistical outcomes were unaffected.  Palm tocotrienol-rich 

fraction (TRF) 120 mg/kg treatment in high fat diet rats increased food intake 

compared with high fat diet rats, but it reduced food intake in rats fed a high 

carbohydrate for 8 weeks compared with control rat ( Wong et al., 2012). 

Conversely, another study has reported that young C57BL/6J mice fed a high-

fat (HF) diet supplemented with 0.05% γT3 for 4 weeks showed no significant 

impact on food intake (Zhao et al., 2015). Separate groups from high fat diet 

were supplemented with either α-, γ-, δ-tocotrienol or α-tocopherol (85 

mg/kg/day) for the final 8 of the 16 weeks. Treatment with α-tocopherol or 

individual tocotrienols did not change food or water intake compared with 

their respective controls except CγT3 which had lower food intake compared 

with control rats( Wong et al., 2017b) . Shen et al., (2021) experiment14 

weeks of annatto-TT (90% δ-TT+10% γ-TT) supplementation and found there 

were no variations in food intake or water consumption between the HFD 

group and the HFD+TT800 group along the duration of the study.  

       Administration of Delta-Tocotrienol and Alpha-Tocopherol in different 

animal groups showed non- significant differences between these two groups, 

patients with NAFLD were randomized to either receive T3 (n = 50) 300 mg 

or  TF (n = 50) 268 mg twice/day for 48 weeks in terms of dietary intake at 

baseline (p > 0.05) (Pervez et al., 2023). 
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2.6-Effect of Tocotrienols Supplementation on hematological   

indices         

            Hematological examinations are very important tools for clinicians 

and physiologists. Blood analysis for complete blood count could support 

diagnosis through their indices that revealed general health of animals, 

immunity status, nutritional status and others like infections or inflammation. 

Therefore, it is important to include hematological indices in the study 

although little researchers have included it in their studies on obesity on 

tocotrienol. 

       Nakamura et al. ( 2001)conducted a 13-week oral toxicity study in Fischer 

344 rats of both sexes at different dose levels of 0 (group 1), 0.19 (group 2), 

0.75 (group 3), and 3% (group 4) of a preparation tocotrienol, it had the 

following composition: a-tocotrienol 21.4%, b-tocotrienol 3.5%, g-tocotrienol 

36.5%, d- tocotrienol 8.6%, a-tocopherol 20.5%, b-tocopherol 0.7%, g-

tocopherol 1.0% and d-tocopherol 0.5%. in powdered diet. Results revealed 

significant decrease in mean corpuscular volume (MCV) in all treated males. 

The results demonstrated a substantial decrease in mean corpuscular volume 

(MCV) in all treated males. Platelets were dramatically reduced in group 3 and 

4 of male rats, whereas hemoglobin concentration, MCV, mean corpuscular 

hemoglobin, and mean corpuscular hemoglobin concentration were 

significantly lowered in group 3 and 4 females.  

      In another study conducted by   Tasaki et al. performed a 52-week as 

chronic study by using Wistar Hannover rats of both sexes to reports regarding 

toxicological effects of long-term exposure of tocotrienol, that given the 

compound of tocotrienol at doses of 0, 0.08, 0.4 or 2% in powdered basal diet 

The male rats showed significant decrease in HTC and WBC values at the 
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dose of 0.8%. A significant decrease was also found in MCV at 0.4% of 

tocotrienol supplemented in diet. Whereas, females revealed significant 

decrease in  Hb, HTC, MCV and MCH at the highest dose compared with 

other studied dose (Tasaki et al., 2008).   

       Large doses of tocotrienol were administration for Fischer 344/slc (F344) 

rats that composed of 98.7% T3 (2.5% α-T3, 92.0%  γ-T3, and 4.2% δ-T3) and 

1.0% γ - tocopherol (wt/wt) was respectively 4.7, 14.6, and 42.2 (mg/rat. day) 

was prepared from rice bran  for 13 weeks, tocotrienol  did not affect the Red 

blood cells (RBC), hemoglobin (Hb), hematocrit (Ht), mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), platelets (PLT), and white blood cells 

(WBC) levels (Shibata et al., 2012) .   

      A human clinical trial including 31 individuals with metabolic syndrome 

was done to evaluate the tolerance and safety of tocotrienols T3 

supplementation. The individuals were given tocotrienol-rich fraction (TRF) 

200 mg , while other received placebo capsules twice a day for two weeks, the 

study investigated that T3 supplementation had no significant impact on the 

red blood cell (RBC), white blood cell (WBC), and platelet counts between 

TRF and placebo treatments. (Lin et al., 2016) . 

        Rats treated with palm oil tocotrienol-rich fraction TRF (30 mg/kg body 

weight) had considerably less white blood cells Compared to asthmatic  rats. 

Significantly, palm oil TRF more successfully decreased the neutrophil, 

lymphocyte, and eosinophil cell count(Zainal et al., 2019). 
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2.7-Effect of Tocotrienols Supplementation on liver and kidney 

function  

       Liver is a crucial organ that manages obesity by regulating the body's lipid 

metabolism. T3s are crucial in reducing the fatty liver caused by a high-fat diet 

(Tres et al., 2012). on the other hand, palm tocotrienol-rich fraction (TRF) has  

shown to diminish hepatic triglyceride buildup caused by high-fat diets and 

enhanced liver structure and function with lower plasma liver enzymes, 

inflammatory cell infiltration, fat vacuoles, and balloon hepatocytes when 

taken as a dietary supplement for 16 weeks in rats (Wong et al., 2012). T3 

supplementation reduces inflammatory cell infiltration in the liver caused by 

high fat diet (Yachi et al., 2010). According to Burdeos et al., T3 at 10-15 ? 

lowers the mRNA and protein expression of fatty acid synthase while 

increasing the mRNA expression of genes related to oxidation, such as CPT-1 

and CYP3A4 (Burdeos et al., 2012). Muto et al. have repeatedly demonstrated 

that T3 administration in rat primary hepatocytes reduces the expression of 

genes related to hepatic steatosis, such as Chop and SREBP-1c, lessening ER 

stress and inflammation in the fatty liver (Muto et al., 2013). Feeding a high-

fat diet and a T3 supplement have been reported to   increase  the expression of 

genes related to fatty acid oxidation in the livers of mice (Zhao et al., 2015). Li 

et al. discovered that 0.2% TRF supplement in diet reduces atherosclerosis in 

mice and this is done by increasing liver X receptors LXR and cholesterol 

transporters such ABCA1 in the liver(Li et al., 2010). 

         Nakamura et al., ( 2001)reported that the administration of a 3.0% T3 

diet to F344 rats for 13 weeks elevated of alkaline phosphatase and induced 

hepatocellular hypertrophy. 
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         According to Tasaki et al., (2008)feeding Wistar Hannover rats a 2.0% 

Tocotrienols diet for 52 weeks caused an increase in blood ALT, ALP and the 

formation of nodular liver lesions.   However Shibata et al. (2012)   ,s study 

found there were no differences in the AST or ALT levels for any of the 

groups treated with tocotrienol. Another human study used the mixed 

tocotrienols  61.5 mg, 112.8 mg and 25.7 mg for alpha-, gamma- and delta-

tocotrienol, respectively and 61.1 mg of alpha-tocopherol, 400 mg daily where 

they showed a hepatoprotective effect in hypercholesteremic adults ( Magosso 

et al., 2013).Gamma-tocotrienol, but not alpha-tocopherol, has been 

demonstrated to be able to reduce triglyceride buildup by controlling fatty acid 

syntase and carnitine palmitoyltransferase , which reduces hepatic 

inflammation and endoplasmic reticulum stress (Burdeos et al., 2013).  

         Measures of serum aspartate aminotransferase (AST), serum alanine 

aminotransferase (ALT) and albumin did not differ between 31 subjects with 

metabolic syndrome supplementation with tocotrienols (T3) at the dosage of 

400 mg per day for 14 days and placebo interventions (Lin et al., 2016). 

Treatment with vitamin E homologues for 8 weeks attenuated the degree of 

liver injury in treated  rats groups, as demonstrated by lower plasma ALT and 

AST activities, less infiltration of inflammatory cells and decreased lipid 

droplets(Wong et al., 2017). The δ-tocotrienol supplementation significantly 

improved lipid profile and liver functions (ALT, AST) in the patients with 

nonalcoholic fatty liver disease (NAFLD) were randomly assigned to receive 

δ-tocotrienol 300 mg twice daily or placebo for 24 weeks, compared with 

placebo (Pervez et al., 2020), as well as this finding is consistent with the 

observation in animal studies, where palm tocotrienol-rich fraction 

(TRF)(Wong et al., 2012), tocotrienol enriched palm olein(Wong et al., 2017) 

and annatto-derived tocotrienols (90 % δ- and 10 % γ-tocotrienol) (Allen et 
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al., 2017) have been shown to significantly reduced ALT, AST, TG and fatty 

acid levels in high fat diet-fed rodents.  

        High-fat diet has already been shown to develop lipid droplets in the 

liver, and T3s block this process (Kato et al., 2021). While diet-induced 

obesity exacerbated liver damage, the antioxidant action of  tocotrienols may 

have reduced the HFD impact. (Kato et al, 2022). 

       Effect of tocotrienol on renal function also investigated by some 

researches. In general, proteinuria, or other renal lesions were  sensitive 

indicators of renal damage. They can be derived from glomerular or tubular 

damage also serum creatinine increased whereas creatinine clearance 

decreased indicating a decreased glomerular filtration rate. Renal function of 

type 1 diabetic rats were considerably improved by therapy with both PO-TRF 

palm tocotrienol rich fraction and RBO-TRF rice bran oil-tocotrienol rich 

fraction, Nevertheless, PO-TRF was more effective at a given dose than RBO-

TRF(Siddiqui et al., 2010).  

       Tan et al., (2018) found that 2 months of tocotrienol-rich vitamin E 

supplementation as Tocovid 200 mg twice a day while the control group 

received placebo twice a day significantly reduced serum creatinine in 

individuals with Diabetic Nephropathy DN, but not Hemoglobin A1c, urine 

albumin:creatinine ratio (UACR). 

      placebo-controlled clinical trial, 54 patients with diabetic nephropathy 

were randomized to receive Tocovid 200 mg or placebo for 12 weeks has 

found Tocovid significantly decreased serum creatinine levels and 

significantly increase eGFR compared with placebo. There were no significant 

changes in HbA1c, blood pressure, and other parameters (Tan et al., 2019).  
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 The treatment with s tocotrienol-rich fraction (TRF) from palm oil (100 

mg/kg b.w; orally) significantly reduced dyslipidemia and inhibited the 

development of chronic renal dysfunction (CRD) caused by atherogenic 

factors. These findings show that low-dose treatment of TRF may provide 

significant health benefits in the prevention of lipid induced CRD ( Rashid 

Khan et al., 2015) .  

        Khan et al., (2010) have reported that tocotrienol-rich fraction (TRF) 

from palm oil (200 mg/kg, bw, orally, once daily for 21 days) attenuates 

potassium dichromate K2Cr2O7-induced acute renal injury in rats by  

protection the integrity of membrane by inhibiting lipid peroxidation and 

augmenting the activity of antioxidant enzymes in the kidneys of diabetic rats  

 

2.8-Effect of tocotrienols supplement on total protein, albumin, 

globulin and C reactive protein     

     Albumin and globulin are two key blood protein components that have 

been linked to systemic inflammation. Low serum albumin levels indicate 

malnutrition, liver and renal malfunction, and have been found to be an 

independent predictor of poor survival in critically ill patients(Feketea & 

Vlacha, 2020).   

        Lin  et al., (2016)  showed that no significant difference was noted 

between TRF and placebo interventions on total protein, albumin, globulin, 

total bilirubin levels and the ratio of albumin to globulin.  A total of 28 male 

Sprague-Dawley rats were supplemented with TRF (200,mg/kg) was 30 

minutes prior to fenitrothion FNT (20 mg/kg) administration, both orally for 

28 consecutive days. The result showed that TRF administration significantly 
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decreased the total protein level compared as  fenitrothion-treated rats group 

(Jayusman et al., 2014). 

      The liver produces CRP, an essential inflammation-sensitive plasma 

protein, which serves as an inflammatory marker (Taubes, 2002). CRP levels 

rise in response to inflammation in tandem with the release of IL-6 by 

macrophages and T cells ( Michihara et al., 2010). Tocotrienols have better 

anti-CRP effects than tocopherol. Tocotrienols inhibit the production of 

inflammatory mediators, with -tocotrienol being the most effective(Prasad, 

2011).It has been demonstrated that consuming grape seed oil alongside high 

TT levels reduces serum levels of tumor necrosis factor- and high-sensitivity 

C-reactive protein hs- CRP and enhances insulin resistance in obese and 

overweight women(Irandoost et al., 2013). Microalbuminuria and high-

sensitivity C-reactive protein (hs-CRP), markers of acute inflammation, were 

decreased in type 2 diabetic patients by TT supplementation (34.6% α-

TT+43.5% γ-TT) ( Haghighat et al., 2014) . Supplementation with tocotrienol-

rich fraction (78 % tocotrienol and 22 % tocopherol, 150 mg/day) or placebo 

capsules for 6 months, lowered the plasma levels of C-reactive protein (hs-

CRP) precursor in subjects were divided into two age groups—32 ± 2 (young) 

and 52 ± 2 (old) years old(Heng et al., 2013). Plasma C-reactive protein CRP 

level was decreased by 44% in rats treated with palm oil tocotrienol-rich 

fraction TRF (30 mg/kg body weight) compared with that in ovalbumin-

challenged (OVA) asthmatic rat model group (Zainal et al., 2019). 

       Daud et al. (2013) did not observe any significant change in inflammatory 

biomarkers (C-reactive protein and interleukin 6) ,  in chronic hemodialysis 

patients were provided daily with capsules containing either vitamin E 

tocotrienol-rich fraction (TRF) (180 mg tocotrienols,40 mg tocopherols  after 

12 and 16 weeks of intervention when compared with the baseline within the 
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group or when compared with the placebo group(0.48 mg tocotrienols, 0.88 

mg tocopherols). Also. Measurements of soluble inflammatory (hs-CRP) did 

not show notable changes throughout the interventions with palm-based 

tocotrienols and tocopherol mixture supplementation PTT (400 mg/d) in 

subjects with metabolic syndrome (Gan et al., 2017). 

      δ-tocotrienol 300 mg twice daily significantly reduced high sensitivity C-

reactive protein (hs-CRP), Compared with placebo for 24 weeks in patients 

with nonalcoholic fatty liver disease ( Pervez et al., 2020) .while Despite 

strong mechanistic evidence for the anti-inflammatory properties of 

tocotrienols  inflammatory markers, specifically serum hsCRP, TNFa, IL-6 or 

adiponectin, were not affected when examined  the effects of palm-

tocotrienols  (420 mg/day tocotrienol plus 132 mg/day tocopherol), palm-

carotene (21 mg/day carotenes), or placebo (palm olein) supplements for 8 

weeks on vascular function and cardiovascular disease risk factors in persons 

at elevated risk of impaired vascular function (Stonehouse et al., 2016). 

 

2.9- Effect of Tocotrienols Supplementation on lipid profile and 

glucose  

       Cholesterol and triglycerides are two types of lipids. Both of which are 

essential for life because triglycerides supply a large portion of the energy 

required for cell function (Shi & Cheng, 2009), while cholesterol is needed to 

construct cell membranes and produce a number of vital hormones (Zaiden et 

al., 2010) According to physiological principles, they must interact with 

lipoproteins in order to disintegrate and circulate in the blood (VLDL, LDL, 

HDL and chylomicrons). LDL/HDL and VLDL are the two main lipoproteins 
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in charge of transporting cholesterol and triglycerides from the endogenous 

pathway (hepatic production), respectively, in addition to chylomicrons, which 

largely carry triglycerides from the exogenous pathway (intestinal absorption) 

(Levy et al.,1971).       

       In a previous clinical experience, it was shown that supplementing with a 

tocotrienol mixture for eight weeks with 60 mg of each δ- and γ-tocotrienol 

significantly decreased TG and chylomicron levels in hypercholesterolemic 

patients (Zaiden et al., 2010).Also led to decreased plasma concentrations of 

free fatty acids, triglycerides, and cholesterol( Chou et al., 2009; Das et al., 

2012)  , and enhanced glucose and insulin tolerance in laboratory animal 

(Budin et al., 2009;Burdeos et al.,2012; Allen et al., 2017). Tasaki et al., 

(2008) were  regarding toxicological effects of long-term exposure to 

tocotrienol for 1 year TO WHAT?, they performed a 52-week chronic study 

using Wistar Hannover rats of both sexes given the Tocotrienol  at doses of 0, 

0.08, 0.4 or 2% in powdered basal diet ,they found there was no changes in 

serum cholesterol levels among the groups under experimental condition. 

Budin et al. (2009) Palm oil tocotrienol-rich fractions (200 mg/kg body 

weight) were administered to streptozotocin-induced diabetic rats daily for 

eight weeks glycemic status significantly improved by reducing fasting blood 

glucose  and glycohemoglobin HbA1c levels. 

      TRF supplementation prevented a rise in TC, LDL-C, and triglyceride 

levels, and significantly higher levels of HDL-C than the non-TRF group 

(Budin et al., 2009). Administration of Tocotrienol rich fraction (TRF) from 

palm oil (PO) and rice bran oil (RBO) for 8 weeks post induction of diabetes 

reduced the fasting blood glucose  FBG and glycosylated hemoglobin HbA1c  

level significantly compared to the diabetic untreated group , the reduction 

offered by PO-TRF was found to be greater as compared to RBO-TRF, 



Chapter two  Literature Review 
 

31 
 

indicating PO-TRF as a better hypoglycemic agent than RBO-TRF(Siddiqui et 

al., 2010). Fang et al., (2010) showed the tocotrienol-rich fraction of palm oil 

TRF composed of 23.54% a-tocotrienol, 43.16% g-tocotrienol, 9.83% d-

tocotrienol, and 23.5% a-tocopherol showed enhanced insulin sensitivity and 

whole-body glucose utilization  in diabetic Db/Db mice were treated daily with   

50 mg/kg TRF by gavage for 2 weeks , by selectively regulating PPAR target 

genes.  Palm tocotrienol-rich fraction TRF reduced triglyceride and non-

esterified fatty acids (NEFA) but not total cholesterol concentrations (Wong et 

al., 2012 b).  Other research showed Supplementing obese women with grape 

seed oil (rich in tocotrienols) lowered FPG, FSI, and insulin resistance. 

HOMA-IR when compared with control group as sunflower oil “SFO” 

(consuming 15% of energy from SFO) through a weight loss diet for 8 weeks 

(Irandoost et al., 2013).  

       Previous study showed a link between dietary δ-tocotrienol intake and 

lower serum levels of total cholesterol and lipoproteins in 

hypercholesterolemic subjects took increasing doses of δ -tocotrienol (125, 

250, 500,750 mg/d) plus American Heart Association Step-1 diet for four 

weeks during the30 weeks study period by the dose-dependent 

inhibition/activation properties of δ -tocotrienol contribute to its ability to 

control inflammation (b Qureshi et al., 2015).  

       For the last 8 weeks of a 16-week study, rats on a high fat diet were given 

85 mg/kg/day of α-, γ-, δ-tocotrienol, or α-tocopherol. They improved glucose 

tolerance, insulin sensitivity, and lipid profiles (Wong et al., 2017b). This 

improvement in insulin sensitivity and glucose uptake contributes to a 

decreased pro-inflammatory microenvironment and, as a result, to a decrease 

in visceral adipose tissue and total body fat mass (Allen et al., 2017). δ-

tocotrienol effectively improved descriptors of glycemic control and insulin 
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resistance in NAFLD patients by increasing expression of PPAR-γ, PPAR-γ 

activation increases insulin sensitivity by inducing genes implicated in the 

insulin signaling cascade (Pervez et al., 2020). Serum cholesterol levels of the 

high fat diet plus tocotrienols group were improved compared to those 

treatment with HFD induced serum lipid metabolism dysfunction in high-fat 

diet-treated mice, also high-density lipoprotein levels were showed non 

significantly different in the presence or absence of T3s (Kato et al, 2022). 

       In vitro and in vivo studies have shown that T3s inhibit the activity of 3-

hydroxy-3-methylglutaryl-CoA (HMG CoA) reductase, a key enzyme in 

cholesterol biosynthesis, hence lowering hepatic cholesterol production. 

Furthermore, the T3-rich fraction (TRF) of palm oil reduces triglyceride, 

apolipoprotein B, total cholesterol, and LDL-cholesterol levels in human blood 

(Black et al., 2000; Nafeeza et al., 2001; Baliarsingh et al., 2005; Li et al., 

2010). Prasad reviewed that Tocotrienols T3s have anti-sclerotic and 

hypocholesterolemic impacts on humans, rats, and mice (Prasad, 2011) Palm 

oil's tocotrienol-rich fraction reduces blood lipids and increases HDL-C levels. 

TRF-treated rats exhibited improvement in blood sugar levels compared to 

vehicle-treated diabetic rats, but the blood glucose levels in TRF-treated rats 

were remained considerably higher than the normal control group, indicating 

that a hyperglycemic condition was maintained throughout the trial period 

(Abdul Ghani et al., 2023). 

        The administration of delta-tocotrienol along with oral glycemic therapy 

in a type-2 diabetes clinical study resulted in significant improvements in 

glycemic control, plasma insulin levels, and insulin resistance, as well as a 

reduction in the levels of markers for oxidative stress and inflammation 

(Mahjabeen et al., 2021).  
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      Das et al.demonstrated that the two isomers of tocotrienols, α -tocotrienol, 

γ -tocotrienol, render the hypercholesterolemic hearts resistant to ischemic 

reperfusion injury by lowering several hypercholesterolemic proteins 

including matrix metalloproteinase (MMP) MMP2, MMP9, endothelin-1 ET-

1, and SPOT 14 (linked with hypercholesterolemia) and upregulating TGF-b, 

when rabbits were kept on cholesterol diet for 60 days supplemented with  α -

tocotrienol, δ-tocotrienol and γ -tocotrienol for the last 30 days (Das et al., 

2012). For five weeks, rats with streptozotocin/nicotinamide-induced type 2 

diabetes mellitus (T2DM) showed reduced lipid metabolism and insulin 

resistance when given rice bran oil (RBO), which contained 5.25 g γ-oryzanol 

and 0.9 g γ-tocotrienol/150 g oil in contrast to the group under control (Chou 

et al., 2009). 

2.10-Effect of tocotrienol supplement on adiponectin, leptin and 

irisin hormones  

            Adipose tissue is a complex network of endocrine organs that has been 

divided into white adipose tissue (WAT) and brown adipose tissue (BAT)(Al-

Suhaimi & Shehzad, 2013) . Unlike white adipose tissue (WAT), which is the 

principal location of surplus energy, brown adipose tissue is a major site for 

adaptive thermogenesis. Brown adipocytes' ability to thermogeneize is mostly 

due to their high concentration of mitochondria and strong expression of 

Uncoupling protein 1 (UCP1). When it is active, it mediates the waste of 

chemical energy by isolating the oxidation of mitochondrial substrates, which 

produces heat, from the synthesis of ATP (Spiegelman, 2015; Lapa et al., 2017 

Cohen &). So, from a therapeutic standpoint, Brown fat tissue function and 

activation have great potential. Its crucial role in the management of obesity is 

also remarkable (Mesri Alamdari et al., 2020). 



Chapter two  Literature Review 
 

34 
 

        Adipose tissue secretes polypeptide hormones such as adiponectin and 

leptin, which contribute to the progression of obesity-related diseases such as 

hypertension, atherosclerosis, and type 2 diabetes (Zahorska, 2006). 

Adiponectin controls glucose and lipid metabolism in insulin-sensitive tissues 

(Diez, 2003). It improves fatty acid oxidation and glucose absorption in the 

muscle while decreasing glucose production in the liver. Pro-inflammatory 

cytokines inhibit its secretion, implying that inflammation may play a role in 

hypoadiponectinemia in insulin-resistant and obese individuals. Adiponectin 

insufficiency causes insulin resistance, obesity, type 2 diabetes, and 

atherosclerosis (Lago et al., 2007). Adiponectin has strong anti-diabetic, 

antiatherogenic, and anti-inflammatory properties (Kershaw & Flier 2004). In 

clinical investigations, plasma adiponectin levels decline as obesity increases 

(Arita et al., 1999), dyslipidemia (Matsubara et al., 2002), diabetes 

(Rothenbacher et al., 2005) and cardiovascular disease (Xydakis et al.,2004). 

Adipocyte dysfunction in Metabolic Syndrome is associated with an 

accumulation of macrophages inside the adipose tissue, which enhances the 

release of cytokines that are pro-inflammatory and induces systemic 

inflammation (Srikanthan et al., 2016).  In the Metabolic Syndrome, there is a 

low level of plasma adiponectin (Sader et al., 2003). On the other hand, leptin 

plays a crucial role in the development of MS and cardiovascular disease 

(Ahima, 2000). Leptin, one of the most significant adipose-derived hormones 

and among the best-known hormone indicators for obesity, is generated and 

released by the fat cells in adipose tissue (Kivrak et al., 2013). Leptin was 

discovered in 1994 by Fiedman and his colleagues (Büyükokuroğlu et al., 

1999). It is a multipurpose hormone that regulates body weight and energy 

exchange (Steinberger et al., 2003). Leptin levels in the bloodstream are 

increased by an increase in body fat, and this regulates the need for food and 
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lowers body weight. Conversely, a decrease in body fat causes leptin levels to 

drop and body weight to rise. In addition, it affects reproduction, sexual 

development, and metabolism (Hekimoğlu, 2006). It is a crucial hormone that 

controls the amount of body fat stored. This peptide stimulates energy 

consumption and reduces food intake to regulate energy metabolism at the 

hypothalamic level (Koerner et al., 2005). Leptin levels are higher in lean 

people compared to obese people (Büyükokurolu et al., 1999). they play a role 

in the regulation of insulin levels in the liver as well as the control of 

alimentation, thermogenesis, the immune system, reproduction, bone density, 

brain development, and hemodynamics, because its receptors are found in 

peripheral and brain tissues (Hekimoğlu, 2006). High level of circulated leptin 

was reported in obese people due to leptin resistance (Guerre-Millo, 2003). 

Insulin resistance is mostly influenced by hyperleptinemia and leptin 

resistance (El-Atat et al., 2004). Visceral fat causes lipolysis in 

hyperlipidemia, which accumulates free fatty acids and prevents pancreatic β-

cells from releasing insulin (El-Atat et al., 2004). 

       Leptin inhibits lipogenesis while triggering the liver's -oxidation of fatty 

acids (Stern et al., 2016). The liver contains many leptin receptors, and leptin 

treatment and brief fasting both increase leptin receptor expression in the liver 

(Trak‐Smayra et al., 2011). To investigate the effects of leptin signaling on the 

liver, Huynh and colleagues created a liver-specific leptin receptor knockout 

mouse that exhibits decreased circulating levels of apolipoprotein-B and 

increased levels of low-density lipoprotein (VLDL) triglycerides along with an 

increase in hepatic lipoprotein lipase activity (Huynh et al., 2013). 

Adiponectin levels in the blood are decreased in humans and animals with type 

2 diabetes who are obese and insulin-resistant (Scherer, 2006).  Excessive fatty 

acid exposure causes adipocyte exhaustion, resulting in adiponectin 
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suppression and leptin stimulation. Leptin stimulates the activation of hepatic 

stellate cells (HSCs), which increases inflammation and fibrogenesis in the 

liver. However, adiponectin reduces inflammation by inhibiting the expression 

of nuclear factor-kappa B (NF-B) and TNF-α (Abe et al., 2021). In animal 

models of obesity, overexpression of adiponectin decreases the buildup of 

hepatic lipids caused by a high-fat diet, pointing to a probable causal role for 

this reduced adiponectin in insulin resistance of obesity (Kim et al., 2007). 

Increased adiponectin production implies an activation of AMPK and 

increased protection against cell stress (Fazakerley et al., 2018). Moreover, 

genetically removing adiponectin worsens hepatosteatosis in leptin-deficient 

obese mice (Holland et al., 2013). A combination of the changes in leptin and 

adiponectin suggests an improved insulin sensitivity primarily in adipose 

tissue (Stern et al., 2016).  

Both delta-tocotrienol and alfa-tocopherol have shown to have similar positive 

effects on leptin and adiponectin levels in individuals with non-alcoholic fatty 

liver disease (NAFLD).  They were randomized to receive either γ-tocopherol 

268 mg twice daily for 48 weeks or δ-tocotrienol 300 mg (δT3 was naturally 

obtained (annatto beans), and each capsule contained 90% δ- and 10% γ-

tocotrienol and was devoid of αTF). Additionally, δ-tocotrienol was more 

powerful than α tocopherol (Pervez et al., 2022).  

Heng et al., (2015) reported The 16-week mixed tocotrienols supplementation  

400 mg/ day  exerted potential beneficial effects on cytokines such as leptin 

and adiponectin  in adults with metabolic syndrome. Wong et al., (2018) have 

reported treatment of natural tocotrienol derived from annatto (Bixa orellana) 

beans, including 84% δ-tocotrienol and 16% γ-tocotrienol, decreased leptin, 

elevated adiponectin, and restored the inflammatory response in mice with 

metabolic syndrome generated by a high-carbohydrate, high-fat diet.  When δ-
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tocotrienol and α-tocopherol were used to treat patients with non-alcoholic 

fatty liver disease (NAFLD), Pervez et al., (2020) found that tocotrienol 

supplementation had a statistically significant effect on hepatic steatosis 

markers by lowering leptin (δ-tocotrienol) and raising adiponectin 

concentrations when γ-tocotrienol and placebo were used. 

       Delta Tocotrienol had an effect on leptin protein concentration, which was 

considerably reduced in the T400 but not the T1600 group when compared to 

high fat fed mice, but there were no changes in serum anti-inflammatory 

adipokine adiponectin among any of the groups (Allen et al., 2017). 

        Kok-Yong  has determined the effects of annatto tocotrienols on serum 

adiponectin, leptin levels in male rats treatment supplemented orally with 

AnTT at 60 or 100 mg/kg (n = 8/group) After treatment of 12 weeks, with 

buserelin, AnTT do not influence adiponectin and leptin levels in male 

rats(Kok-Yong, 2019).  

        Irisin is myokine/adipokine, first described in 2012 by Boström et al. 

(Boström et al., 2012), it is produced by the fibronectin type III domain 

containing 5 (FNDC5) gene and controlled by the peroxisome proliferator 

activated receptor-coactivator-1-alpha (PGC-1) (Mazur-Biay et al., 2017; 

Varela-Rodriguez et al., 2016). White adipose tissue (WAT) is regarded as the 

second most significant source of irisin after skeletal muscle (Perakakis et al., 

2017). In mice, FNDC5/irisin is released mostly by adipocytes of the 

subcutaneous adipose tissue (SAT) and in smaller amounts from adipocytes of 

the visceral adipose tissue (VAT)(Roca-Rivada et al., 2013). Its most 

prominent effect is to drive brown-fat-like conversion of white adipose tissues, 

and therefore has been suggested to improve metabolic and glucose 

homeostasis (Boström et al., 2012), Since its discovery, irisin has been 
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associated with favorable effects on metabolic illnesses, including obesity, 

type 2 diabetes mellitus (T2DM), lipid metabolism and cardiovascular disease 

(CVD), nonalcoholic fatty liver disease (NAFLD), polycystic ovarian 

syndrome (PCOS), and metabolic bone diseases(Polyzos et al., 2018). 

Although skeletal muscle accounts for approximatively 72% of the total 

amount of irisin in the circulation (Boström et al., 2012), several studies 

suggest that irisin can also be produced by the pancreatic islets (Aydin et al., 

2014), thus emerging as a new potential intra-islet hormone (Marrano et al., 

2021). Liu et al. suggest that irisin may have applications in the prevention 

and treatment of T2DM because of its protective effect on the secretion of 

pancreatic β cells (Liu et al., 2017). Irisin's primary target is adipose tissue, 

and its effects vary based on the species (rodents, humans), type of adipocytes 

(premature or mature), and location/type of adipose tissue (SAT, VAT, BAT) 

(Polyzos et al., 2018). It has been demonstrated that irisin functions as a 

crucial metabolic regulator and benefits problems associated with obesity 

(Eslampour et al., 2019). Injecting FNDC5-expressing adenoviral particles 

intravenously or intraperitoneally with recombinant human irisin improves 

glucose metabolism in obese mice while having only a minimal effect on body 

weight (Zhang et al., 2014). Circulating irisin has been shown to positively 

correlate with weight and body mass index (BMI) (Perakakis et al., 2017). 

Even in phenotypes with extremely high BMI, this correlation is still 

favorable. Individuals with anorexia nervosa have circulation irisin levels that 

are 15% lower than those of normal weight people and 30% lower than those 

of severely obese people (Stengel et al., 2013). Irisin levels have been found to 

correlate favorably with leptin (Palacios-González et al., 2015) and negatively 

with adiponectin (Nigro et al., 2017). A direct connection between leptin and 

irisin is regarded to be implausible, because leptin treatment in people does not 
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change circulating irisin levels (Gavrieli et al., 2016).in 136 obese patients 

who followed an eight-week hypocaloric diet (30% reduced energy 

expenditure) to lose weight and were reevaluated four or six months after 

treatment., weight loss reduces irisin levels, which are restored after getting 

back the lost weight (Crujeiras et al., 2014). 

       The relation of using tocotrienol with irisin is still unknown; this subject is 

far away from the consideration of researchers and student. ButIrandoost et al. 

have demonstrated no effect of tocotrienol-rich fraction (TRF) contained α- 

tocotrienol (12%), β-tocotrienol (2%), γ-tocotrienol (19.3%) and δ-tocotrienol 

(5.5%) together with α- tocopherol (11.9%). With   dose about 85/kg/day on 

irisin in obese Wistar rats for a period of 8-week: also, TRF consumption 

reversed the HFD-induced inflammation independent of irisin in the obese rats 

(Irandoost et al., 2020). 

2.11-Impaired role of obesity on Reproductive function: 

           Obesity can result in hypothalamic-pituitary-gonadal (HPG) axis 

dysfunction in both sexes (Tena-Sempere, 2013). Obese male may experience 

diminished libido, erectile dysfunction, subfertility, and, in rare cases, 

hypogonadism (Michalakis et al., 2013). Although research though that the 

function of adipose tissue in several neuro-endocrine networks has advanced 

recently, the pathogenetic pathways that connect excessive fat accumulation to 

HPG dysfunction are still not completely understood. Moreover, increased sex 

steroid metabolism in adipose tissue depots might result in aberrant androgen 

and estrogen plasma levels, which may alter the reproductive axis in obesity 

(Fischer-Posovszky et al., 2007).  Researches have been focused on the effects 

of obesity on the reproductive health of women. It is also conceivable that the 

harmful effects of obesity on male fertility have been overestimated (Tsatsanis 
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et al., 2015). In fact, there were some evidence suggest that obesity can 

considerably harm male reproductive health, resulting in lower libido, erectile 

dysfunction, and subfertility/infertility (Tsatsanis et al., 2015). Hormonal 

Changes of Hypothalamic-Pituitary-Gonadal (HPG) Axis Dysfunction in Male 

Patients with Obesity (Kyrou et al., 2018). Zhong et al. focused on the 

correlation between sperm parameters and diabetes and obesity (Zhong et al., 

2021). There are several ways that obesity affects the quality of semen, The 

first is male endocrine dysfunction, which may be the primary factor reducing 

semen volume and total sperm concentration (Abbasihormozi et al., 2023). 

Obese men often have lower testosterone levels than lean men and this may 

reduce semen volume and sperm concentration (Esmaeili et al., 2022). The 

second is the seminiferous epithelium of the testicular tissue which is harmed 

by inflammatory substances, which in turn causes damage to the 

spermatogenesis process in obese males (Wang et al., 2021). Finally, as 

oxidative stress increases, sperm structure and function may be harmed 

because obese men may have higher amounts of reactive oxygen species 

(ROS) that can damage sperm mitochondria and nuclei (Condorelli et al., 

2018). The elevated temperature caused by the significant suprapubic and 

scrotal fat deposits may also affect spermatogenesis (Ferramosca et al., 2016). 

Dyslipidemia may also affect semen quality and fertility since research in both 

humans and animals have linked changes in lipid profiles to male infertility 

(Hagiuda et al., 2014).  

       Rats treated with a high-fat diet (HFD) that suffer from oxidative stress-

induced pathogenic alterations which impact sperm concentration and motility 

together with reduced mitochondrial respiration efficiency in sperm 

(Ferramosca et al., 2016, 2017). Long-term HFD eating can damage testicular 

structure, increase intracellular ROS, and promote testicular germ cell death 
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using the mitochondrial intrinsic route (Ghosh & Mukherjee, 2018). Jing et al. 

demonstrated that mice fed with HDF had increased ROS levels and decreased 

mitochondrial function, also indicated that they match the symptoms emerge 

in human semen samples taken from individuals in the overweight/obese 

group, these findings have physiological significance (Jing et al., 2023). It has 

been found that in obesity, hyperinsulinemia and hyperleptinemia may have a 

deleterious effect on sperm quality and male reproductive function (Leisegang 

et al., 2014). The persistent pro-inflammatory state in humans may also be 

significantly influenced by leptin. According to Zhao et al. (2014), an increase 

in adipose cytokines may inhibit testosterone release, which could be the cause 

of the decreased sperm motility (Meeker et al., 2007).  

2.12-Effect of tocotrienol supplement on reproductive function: 

           Vitamin E administration has been shown to improve epididymal 

number and mobility of sperm (Mahanem et al., 2006; Sönmez et al., 2007), as 

well as restore testicular weight in stressed rats (Banudevi et al., 2004). 

Tocotrienols are plentiful in palm oil (palm oil tocotrienol-rich fraction), 

which contains 76% tocotrienol (α-, β-, γ-, δ-tocotrienol) and 24% 

tocopherol(α-tocopherol). significantly reduce the spermatoxic effects shown 

in spermatozoa of rats exposed to organophosphate insecticides fenitrothion by 

significantly raising sperm counts, motility, and viability and decreasing 

abnormal sperm morphology (Taib et al., 2014). According to Jegede et al.  ,s 

study it was found that using  red palm oil rich in tocotrienol reduced lead 

acetate-induced testicular injury in adult male Sprague-Dawley rats (Jegede et 

al., 2015). Lee et al. (2016) showed a significant increase (p<0.05) in sperm 

motility, viability and count in groups administered high dose of feeding 

tocotrienols from palm oil for 6 weeks to male (1500 mg/kg tocotrienol) but 
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testes weights were not significantly affected by treatment of any sort. A study 

found that administering palm tocotrienol-rich fraction (TRF) to male rats 

treated with corticosterone (CORT) for 7 days increased their reproductive 

organ weight and testosterone levels. TRF, which contains approximately 60% 

tocotrienol, prevented testicular germ cell degeneration and Leydig cell loss 

after stress exposure (Abd Aziz et al., 2019). 

       When females were mated with Corticosterone (CORT) plus palm 

tocotrienol‐rich fraction (TRF) adult male rats, there were considerably more 

implantation locations, live pups birthed, and their birth weights than in the 

CORT group. As a result, TRF reduces the risk of fetal loss in females that 

mate with CORT + TRF-treated males (Abd Aziz et al., 2019). Although these 

researches investigated the ameliorative effect of tocotrienol on sperm and 

fertility, but still this subject need more researches and studies and the research 

regard scarce. 

2.13- Effect of tocotrienols on the histopathological effects of the 

liver, kidney, and testes 

        Liver the largest glandular organ of the body and the key organ of 

metabolism has a pivotal and immense task of detoxification of xenobiotics, 

environmental pollutants and chemotherapeutic agents. Hence this organ is 

subjected to a variety of diseases and disorders. In the absence of reliable 

hepatoprotective drugs in the allopathic (modern) medicinal system and the 

wide range of hepatic disorders, dietary antioxidants play an important role in 

the management of liver disorders (Ahsan et al., 2014). 

      Several animal studies have investigated the effects of tocotrienols on liver 

histology. In a study on male mice were fed a high-fat diet (HF) with or 

without supplementation of δT3 (HF+δT3) at 400 mg/kg and 1600 mg/kg for 
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14 weeks, tocotrienol supplementation was found to improve liver histology 

by reducing liver damage and inflammation (Allen et al.,2017). Also study on 

rats found that δ-tocotrienol improved liver structure and function by reduction 

in organ inflammation (Wong et al., 2017). Additionally, a one study on male 

mice are fed a diet containing high fat (45%) and cholesterol (0.2%) along 

with sucrose drink (HFCS) showed that γ T3 supplementation is effective in 

attenuating liver damage by reducing hepatic steatosis, inflammation, and 

oxidative stress (Kim et al., 2018). Another study conducted on rats found that 

supplementation with palm- or annatto-derived tocotrienol improved liver 

histology by reducing hepatocyte ballooning, inflammation, and fibrosis in a 

HCHF diet-fed rat model of non-alcoholic fatty liver disease (NAFLD) (Wong 

et al., 2020).   

     Overall, these animal studies suggest that tocotrienols have potential 

protective effects on liver histology by reducing liver damage, inflammation, 

and oxidative stress.  

    Gupta and Chopra studies found that pretreatment with tocotrienol (50 

mg/kg/day) for 7 days before Fe-NTA administration in rats protects the 

kidneys from ferric nitrilotriacetate (Fe-NTA) toxicity, a well-established 

nephrotoxic agent, by significantly lowering serum creatinine and BUN levels, 

reducing lipid peroxidation, and restoring kidney tissue histology (Gupta & 

Chopra, 2009). Siddiqui et al. (2010) demonstrated that administration of TRF 

for 8 weeks improved the GFR in diabetic rats significantly, implicating its 

nephroprotective action, indicating an effective protection offered by TRF 

against the nephrotoxic effect in diabetic nephropathy.  

    palm oil tocotrienol-rich fraction (TRF) have been reported to cause 

testicular oxidative damage under various pathological conditions, such as 
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exposure to organophosphates (fenitrothion), which that it has potential to 

reduce oxidative stress (Taib et al., 2015).  

2.14- Effect of tocotrienols on gene expression 

        Previous studies identified a number of genes every investigation to study 

changes in their expression to gain more knowledge about metabolic 

pathways, lipogenesis, or genes with roles in fighting inflammation in obese 

individuals. T3 from rice bran extracts (Candiracci et al., 2014), muscadine 

grape seed oil as tocotrienol rich fraction (Zhao et al., 2015b), annatto oil 

(Allen et al., 2017), and purified γT3 (Kim et al., 2016; Matsunaga et al., 

2012; Wang & Jiang, 2013; Zhao et al., 2015a) Pro-inflammatory mediators 

such TNF-α, granulocyte colony-stimulating factor, CCAAT-enhancer-binding 

proteins β, leptin hormone, IL-1β, IL-6, IL-8, iNOS, and MCP-1 have been 

shown to be suppressed. Furthermore, the annatto oil T3 combination 

increased IL-10 (anti-inflammatory cytokine) mRNA levels in the adipose 

tissue of obese C57BL/6J mice (Allen et al., 2017). Annatto T3 (Allen et al., 

2017) and γT3 supplement (0.05%) (Zhao et al., 2015a) It also reduced 

macrophage infiltration in the adipose tissue of obese mice. In addition, Ahn et 

al. (2007) found that γT3 inhibits NF-κB activation and downstream gene 

expression, including TGFβ-activated kinase 1, receptor-interacting protein, 

tumor necrosis factor, phorbol myristate acetate, okadaic acid, 

lipopolysaccharide, cigarette smoke condensate, IL-1β, and epidermal growth 

factor. Moreover, electrophoretic mobility shift experiment demonstrated that 

γT3 is the most powerful NF-κB inhibitor relative to other T3 isoforms (Ahn 

et al., 2007). The mechanistic study discovered that γT3 inhibited NF-κB 

activation by creating the degradation of tumor necrosis factor receptor-

associated factor 6 (positive regulator of NF-κB) (Kim et al., 2016) and 
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inhibiting nuclear factor-κB inhibitor type α kinase (IKK) signaling, Akt 

signaling, and nuclear factor-κB inhibitor type α (IκBα) damage (Matsunaga et 

al., 2012; Zhao et al., 2015a). Furthermore, γT3 inhibits caspase-1 activation 

and interleukin-1β release via suppressing the NLRP3 inflammasome and 

AMPK activation (Kim et al., 2016). 

       Muscadine Grape Seed Oil MGSO's high levels of γ-tocotrienol (40.7-

68.9 mg/100 g oil) and α-tocotrienol (30.1-48.1 mg/100 g oil) reduced mRNA 

expression of PPARγ and CEBPα, as well as downstream targets of 

adipogenesis. TRF derived from MGSO had a stronger effect than MGSO 

itself due to removing the compounding adipogenic effects from fatty acids in 

the oils (Zhao et al., 2015b). 

       Treatment groups of δT3 oil isolated from annatto fruit had higher 

expression of genes involved in fatty acid oxidation (mRNA levels of WAT 

beta-oxidation markers namely carnitine palmitoyltransferase1A (CPT1A), 

carnitine palmitoyltransferase 2 (CPT2), and Forkhead box A2 (FOXA2)) and 

lower expression of genes involved in fatty acid synthesis Fatty acid synthase 

(FASN) and acetyl-CoA carboxylase-1 (ACACA) mRNA) (Allen et al., 2017). 

       Previous study showed that a high-fat diet suppressed the expression of 

the peroxisome proliferator-activated receptors (PPARs)α _γ and in the liver 

and retroperitoneal white adipose tissue r WAT, that is the major regulation of 

fat metabolism and adipogenesis, and that a tocotrienol-rich fraction from 

palm oil did not reverse the suppression (Cheng et al., 2017). 

     Annatto-extracted tocotrienols have suppressed liver mRNA levels of 

inflammation markers including IL-2, IL-23, IFN-γ, MCP-1,TNF-α, ITGAX 

and F4/80(Shen et al., 2018). Irandoost et al.  evaluated Endoplasmic 

reticulum (ER) stress causes adipose tissue dysfunction and chronic 
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inflammation in obesity in White adipose tissue WAT, brown adipose tissue  

BAT, and hypothalamus by measuring expression of the expression of TNF-α, 

MCP1  and assessed Glucose-regulated protein-78 (GRP78) because of its role 

in protein folding is  considered as a key regulator of ER stress GRP78 

following calorie restriction diet alone and together with Royal jelly and 

tocotrienol-rich fraction (Irandoost et al., 2020). Mesri Alamdari and his 

colleagues studies the Effects of Royal jelly, tocotrienol-rich fraction, and 

combined supplementation on critical thermoregulatory gene expression and 

they stated that TRF did not show any significant effects on the expression 

mentioned in their study thermoregulation genes and the brown fat-like 

phenotype (Mesri Alamdari et al., 2020). 
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Materials and Methods  

3.1 Chemical Materials:  

The chemical materials and reagents that  were used in this study are  listed 

in table 3.1:  

Table 3.1 The chemicals used in this study and their sources. 

Chemicals Suppliers 

Adiponectin elisa kit  BT-laboratory- China 

Annatto tocotrienol  American River Nutrition Inc.USA 

Eosin stain  Scharlau – Spain 

Ethanol 100% Scharlau – Spain 

Formalin  BDH – England  

 FSH elisa kit BT-laboratory- China 

hematoxylin stain Scharlau – Spain 

 Irsin elisa kit BT-laboratory- China 

Ketamine  Alfasan  -Holland  

Leptin elisa kit  BT-laboratory- China  

 LH elisa kit BT-laboratory- China 

Negrosin Merk - Germany 

Olive oil  Spanish  

Paraffin wax Scharlau – Spain 

Physiological saline  Pioneer- Iraq 

qPCR kits Promega-USA 

Sodium citrate fluka - Switzerland 

 Testosterone elisa kit BT-laboratory- China 

Xylazine  VMD -Belgium  

Xyline  Scharlau – Spain  

 

 

 

 

 



Chapter three                                                         Materials and Methods 

49 
 

3.2 The Instruments and Apparatus  

The following laboratory instruments and apparatus were used in this study 

as shown in table 3.2: 

Table 3.2 The laboratory Instruments and apparatus were used in this study 

Instruments Suppliers 

Centrifuge   Hettich -Germany 

cobas c 311 Genex - Germany 

Curve scissor Pakistan 

Digital camera Sony, Japan 

digital weighing scale Turkey 

Electric grinder Turkey 

Electronic balance Mettler, Switzerland 

ELISA system  Bioactive, Germany 

Filter papers Whatman No. 541, UK 

Haemocytometer  Germany 

hematological analysis Genex - Germany 

Hot plate Alssco - India 

Light microscope  Japan (Olympus) 

Micropipette (10-100 µl) Human, Germany 

Oven  Binder -Germany  

Real-Time PCR System Thermo Fisher Scientific - USA 

Rotary Microtome  American Optical/ UAS 

Water bath FANEM/Sao-Paulo/Brazil 

 

3.3 Animals of the Study 

        The current investigation was conducted out at the College of 

Veterinary Medicine, University of Basrah, during the period extended 

from 1/2/2022 to 1/10/2022. Forty-four male rats weighting (80±25 gm) 

aged (2 months) and sixteen healthy adult fertility female rats weighting 

(200±25 gm) were used for the present study. The animals had been kept in 

the animal home for acclimation one week before the start of the 

experiments and maintained under optimum conditions (24±2°C) and 
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(12/12 hours light/dark) cycle throughout the study. The food and drinking 

water interduce ad liabitum, along the experimental period.  

3.4. The Preparation of the tocotrienol 

     Annatto tocotrienol 70% concentrate, which contained 90% delta-

tocotrienol and10% gammaa-tocotrienol produced by  American River 

Nutrition Inc. (Hadley, MA, USA).  The prepare a dose of 60 mg per kg 

according to Chin et al., (2016) need to weight 85.71 mg of tocotrienol and 

diluted with olive oil to 1 ml.            

The prepared substance was kept in a dark container, protected from light 

to use by drenched orally for rats of the study. 

 

 

Figure 3.1 Tocotrienol 

3.5 Obesity inducement: 

    The inducement of obesity in laboratory rats implemented by using   

Diet Induced Obesity (DIO) in rodents (HF 60 % fat) D14031902 while for 

control group interduce (LF 10 % fat) D14031901 were formulated 

according to the Research Diet INC. (2014). 
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Table 3.3 Diet formula were used in this study 

Product  D14031901 D14031902 

% gm  kcal gm  Kcal 

Protein 19  20 26 20 

Carbohydrate 67  70 26 20 

Fat 4  10 35 60 

Total  100  100 

kcal/gm 3.8  5.2  

Ingredient gm  kcal gm Kcal 

Casein 200  800 200  800 

L-Cystine 3  12  3  12 

Corn Starch 506.2   2025 0  0 

Maltodextrin 125   500 125 500 

Sucrose 68.8   275 68.8 275 

Cellulose 50 0 50 0 

Soybean Oil 25   225 25 225 

Beef fat 20    180 245 2205 

Mineral&Vitamin Mix 20 40 20 40 

Dicalcium  Phosphate 13 0 13 0 

Calcium Carbonate 5.5 0 5.5 0 

Potassium Citrate 16.5 0 16.5 0 

Choline Bitartrate 2 0 2 0 

Total   1055.00 4057 773.80 4057 

 

3.6 Diet preparation and ingredient mixing  

     The preparation of diet began by cleaning  beef tallow and 

connective tissue removed. After that beef tallow cut into small pieces and 

melted by spreading it on a hot plate at 75°C. Then mixing the required dry 

quantities with each other well by food processor and adding the wet 

ingredients and mixing for 2 minutes at low speed, after those meals were 

shaped into a cylindrical form by rolling them manually.    Diets were 

stored in plastic container at 4C°with tightly closing. 
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Figure (3.2) Diet preparation and form 

 

3.7 Experimental design 

     Forty-four male rats aged around 8 weeks and weighting about 80± 25g 

and 16 female rats were used in all experiments. included 14 rats that 

represented the control group, and obesity was induced for a period of 12 

weeks for 30 male rats, Figure (3-3) study as follows. 

3.7.1 First experiment: - (inducement of obesity) 

Eighteen male rats were used in this experiment and randomly divided into 

3 groups as follows: 

1. Group 1 (Control group): six rats were fed a low-fat diet  and drench 

with olive oil 1 ml/ kg B.W. by gavage for 12 weeks.  

2. Group 2  ( high fat diet group HFD):  six rats  were fed a high-fat diet 

and drench with an oral dose of olive oil 1 ml/kg by gavage for 12 weeks.  

3. Group 3 (protective group HFDT): six rats were fed a high-fat diet and 

drench with an oral dose of  60 mg/kg according to (Chin et al., 2016) .  of 

tocotrienol supplement dissolved in olive oil (1ml/kg) by gavage for 12 

weeks.  
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 3.7.2 Second experiment: - 

       In this experiment, obesity was induced as in the first experiment, for 

12 male rats along period of 12 weeks, with a control group of 6 male rats. 

At the end of  the twelve-week period, the mean weight of high-fat diet 

provided rats increased considerably compared to normal chow diet 

consuming rats, demonstrating that the HFD-induced obesity model was 

achieved according to (Mesri Alamdari et al.,2020). After that, an 8-week 

therapeutic experiment began as follows, Figure (3-3) study. 

1. Group 1 (Control group): It includes six rats were fed a low-fat diet, and 

drench with   olive oil 1 ml/ kg by gavage for 8 weeks. 

2. Group 2 (obesity group):  It includes six rats were fed a low-fat diet and 

drench with an oral dose of olive oil 1 ml/kg by gavage for 8 weeks.  

3. Group 3 (therapeutic group):  includes six rats were fed a low-fat diet 

and  give an oral dose of tocotrienol supplement (60 mg/kg) dissolved in 

olive oil (1 ml/kg) for 8 weeks.  

3.7.3Third  experiment (Fertility experiment) 

3.7.3.1 study design  

sixteen female and eight rats used in this experiment included rats were 

separated into four groups, two males and four females. Male rats are 

mating with the females  as in figure )3,3) as follows:  

1. Control group: Untreated male rats mated with untreated females 

2. Group two (inducement obesity group):  male rat fed a high-fat diet 

mated with untreated females. 

3. Group Three (protective group ): male rat fed a high-fat diet for 12 

weeks, in addition to an oral dose of   60 mg/kg BW of tocotrienol 

supplement mated with untreated females. 
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4.  Group Four (therapeutic group):  male rat  fed a high-fat diet for 12 

weeks, ,then give an oral dose with 60 mg/kg BW of tocotrienol 

supplement mated with untreated females. 

3.7.3.2 parameters of third study: 

        The fertility rate (number of pregnant females/number of females in 

each group multiplied by 100), mean birth number (number of 

births/number of females in each group), and average birth weights were 

reported. 

3.8. Samples collection 

3.8.1Collection of Blood Sample 

       After the treatment phase, the rats were fasted for 12–14 hours to 

conclude the experiment. They were anesthetized with 1.9% breathed 

diethyl ether, about 0.08 mL/L of container capacity (Aledani et al., 2020). 

Blood samples (10 mL) were taken from each rat through the heart (cardiac 

puncture). About 8 ml of blood samples were deposited into the gel tube 

and then centrifuged at 3000 rpm for 15 minutes for serum separation. 

These serum samples were divided into four parts and stored in 

polyethylene Eppendorf tubes at -20 oC, which were used for hormonal and 

biochemical evaluation. The remaining 2 ml of blood was placed in the 

tube with the anticoagulant for hematological examination (RBC, Hb, 

MCV, MCH, MCHC, PCV, total and differential WBC, and PLT). 
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Adult Male Rats (n= 44) 

HFDT (n= 6) 
(HFD)12 weeks  

Control rats (n=6) 
(LFD) 12 weeks 
 

HFD rats (n=6) 
(HFD) 12 weeks 
 

Sacrificed animals and blood collection for biochemical and hormonal 
parameters and adipose tissue, liver, kidneys and testes were removed 
for histological examination and gene expression. 
 

First experiment (n= 18) 
 

Control rats (n=6) 
8 weeks 
(LFD) 

obese + T (n= 6)  
 8 weeks 
(LFD) 

 

Obese (n= 6) 
8 weeks 
(LFD) 

 

Second experiment (n= 18) 
Inducement obesity by HFD 

 

HFD rats (n=12) 
(HFD) 12 weeks 

 

Control rats (n=6) 
(LFD) 12 weeks 

 

Sacrificed animals and blood collection for biochemical and hormonal 
parameters and adipose tissue, liver, kidneys and testes were removed for 
histological examination and gene expression. 

 

therapeutic 
group obese + T 

♂2+4♀ 
 

protective group 
HFDT 

♂2+4♀ 
 

third experiment   male (n= 8) 
and female (n= 16) 

 

Control 

♂2+4♀ 
 

High fat diet 
HFD 

♂2+4♀ 

Figure (3-3) study 

design 

 



Chapter three                                                         Materials and Methods 

56 
 

3.8.2 Body length and organs separation 

       Body length (nose - anus) and organ weights (liver, testes and kidneys) 

were recorded. 

  Retroperitoneal adipose tissue and peri-kidney fat, kidney, testes and liver 

were separated from each animal. Each tissue weighted by A digital 

weighting scale and stored at −20 °C.  

3.9 Animals body weight, weight gain and relative organ 

weight of protective and therapeutic experiments: 

          body weight was weekly recorded to keep track of the weights during 

the experimental period using a digital scale balance. while weight gain of 

experimental rats was estimated according to the following mathematical 

equation: 

Body weight gain (weekly) = final weight - initial weight (gm) 

Each animal that was slaughtered had its organs (liver, kidneys, and testes) 

taken right away and weighed using an electronic scale; the weights were 

then standardized by body weight as the relative weights, as follows: 

3.10 Body mass, adiposity and lee obesity indexes of protective 

and therapeutic experiments:   

            Body mass index was calculated according to Novelli et al., (2007) 

by using the following equation: 

Body mass index = Body weight (gm) ÷ Length2(cm). 

       Adiposity index was calculated according to Tayler & Phillips, (1996)  

depend on the following equation: 

AI = [Weight of fat pads (gm) ÷ body weight (gm)] × 100  

       Obesity was determined by the Lee index at the end of experiment 

according to Bernardis  ,(1970)who measured the obesity by using the 

following equation: 

LOI= 3 √body weight (gm) ÷ naso-anal length (cm) 
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3.11 Food consumption of protective and therapeutic 

experiments:   

       All experimental rats were fed on standard ration as mentioned in table 

(3-3). Feed consumption was determined based on the feed residue of the 

ration during 24 hours of administration, by using the following 

mathematical equation: 

Food consumption(g) = feed introduced (g) - feed residue (g) 

3.12 Biochemical Parameters of protective and therapeutic 

experiments:   

    Frozen serum  stored previously under -20⁰c in Eppendorf tube for 

serological examination was thawed and prepared for biochemical analysis. 

The examination of creatinine, urea, triglycerides, cholesterol, HDL-

cholesterol, LDL-cholesterol, aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), alanine aminotransferase (ALT), C reactive protein, 

total protein and glucose levels were measured by using cobas c 311 

analyzers. It is a standalone system that was used to obtain clinical 

chemistry profile This analyzer has the capacity for ion-selective electrode 

(ISE) determination of biochemical parameters in serum, plasma, and 

urine.  

3.13. Hormonal assay: 

3.13.1. Leptin assay 

 The leptin hormone concentration  was measured using RatLeptin Elisa kit 

BT-Laboratory/ China (Cat. No E0561Ra). 

Principles of assay: An enzymne-linked immaunosorbent assay (ELISA) is 

what this kit is for. Rat LEP antibody has been pre-coated on the plate. 

After being introduced, the sample's LEP binds to the antibodies coated on 

the wells. After that, LEP in the sample is bound by the addition of 

biotinylated Rat LEP Antibody. Next, the biotinylated LEP antibody binds 

to streptavidin-HRP. During a washing phase, unbound streptavidin-HRP is 
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removed following incubation. After adding the substrate solution, the 

color changes in direct proportion to the concentration of Rat LEP. The 

addition of an acidic stop solution ends the process, and the absorbance is 

measured at 450 nm. (Appendix 1) 

3.13.2 Insulin assay 

The plasma rat insulin  was assessed using the rat Insulin Elisa kit BT-

Laboratory/China (Cat.No E0707Ra).The kit employs an ELISA to detect 

Rat INS antibodies in a sample. It contains INS, biotinylated INS, and 

streptavidin-HRP. The reaction is ended with an acidic stop solution, and 

absorbance is measured at 450 nm. (Appendix 2) 

3.13.3 Adiponectin  Elisa Test: 

The plasma rat adiponectin level was determined using the rat adiponectin 

Elisa kit from bt-laboratory. Cat. No. E0758Ra.  

Principles of the assay: This ELISA kit involves a pre-coated plate coated 

with Rat ADP antibody, followed by adding ADP from the sample, 

incubating with biotinylated Rat ADP Antibody, and adding Streptavidin-

HRP. After washing, unbound Streptavidin-HRP is removed. Substrate 

solution is added, and color appears based on Rat ADP quantity. The 

addition of an acidic stop solution ends the process, and the absorbance is 

measured at 450 nm.( Appendix 3) 

3.13.4 Irisin  Elisa Test : 

Plasma rat irisin was quantified using a rat irisin ELISA kit from BT 

Laboratory. Cat. No. E6281Ra. 

principles: This ELISA kit use a pre-coated plate coated with Rat Irisin 

antibody. Irisin is introduced to the sample, which binds to the antibodies 

before being bound by biotinylated Rat Irisin Antibody. Streptavidin HRP 

binds to biotinylated Irisin antibodies. Following incubation, unbound 

Streptavidin HRP is washed away. The substrate solution is added, and the 

color develops in accordance to the quantity of Rat Irisin. The reaction is 
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terminated with an acidic stop solution, and the absorbance is measured at 

450 nm. 

3.13.5 FSH Elisa Test: 

The plasma rat Follicle-stimulating Hormone was tested using the rat FSH 

ELISA Kit (bt-laboratory Cat.No: EA0015Ra).  

The principles of the assay: This kit is an ELISA that requires transferring 

samples to a pre-coated plate, adding biotinylated antigen, and incubation 

with the capture antibody. Unbound antigen is washed away, and avidin-

HRP is introduced. TMB Substrate is added, and color emerges. The 

reaction is terminated with an acidic stop solution, and the color shifts to 

yellow at 450 nm. The color intensity is inversely proportional to the FSH 

content in the sample. The FSH concentration is calculated by comparing 

the O.D. of the samples to the standard curve. (Appendix 5) 

3.13.6 LH Elisa Test: 

The plasma rat luteinizing hormone was tested using a rat LH ELISA Kit 

from bt-laboratory, Cat. No. EA0013Ra. 

The principles of the assay: This kit is an ELISA that requires placing 

samples on a pre-coated plate, adding biotinylated antigen, and incubation 

with the capture antibody. The unbound antigen is rinsed away, then 

avidin-HRP is added. TMB Substrate is introduced, and color appears. The 

process is halted using an acidic stop solution, and the color shifts to 

yellow at 450 nm. The color intensity varies inversely with the 

concentration of LH in the sample. The concentration of LH is measured by 

comparing the samples' optical density to the standard curve. (Appendix 6) 

3.13.7 Testosterone Elisa Test: 

Using a rat testosterone ELISA kit from BT Laboratory (Cat. No. 

EA0023Ra), the amount of testosterone in the plasma was quantified. 

The principles of the assay: With this ELISA kit, samples are placed on a 

plate that has already been coated, biotinylated antigen is added, and the 

capture antibody is then incubated. Avidin-HRP is added after the unbound 
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antigen has been removed. When TMB Substrate is introduced, color starts 

to emerge. When the acidic stop solution is used to halt the process, the 

color shifts to yellow at 450 nm. The amount of testosterone present in the 

sample is negatively correlated with the color's intensity. By comparing the 

O.D. of the samples to the standard curve, the concentration of testosterone 

is ascertained.( Appendix 7)  

3.14 Epididymal sperm analysis: 

        Immediately following scarification, each animal's caudal epididymis 

was removed and placed in a sterile glass petri dish with 5 milliliters of 

warm normal saline (0.9% NaCl). In order to analyze the following features 

of epididymal sperm, the epididymal tissue is finely chopped using 

microsurgical scissors and then placed in a water bath at 37°C for five 

minutes. This allows the spermatozoa to swim out to the media. 

3.14.1. Epididymal sperm concentration : 

         The sperm count was determined using the technique of Evans & 

Maxwell, (1987).by using Neubauer hemocytometer chamber which use 

for RBC and WBC count                                                                                 .

     1.The epididymis was placed in a Petri dish with 5 milliliters of 0.9% 

normal saline. 

2. A sharp scalpel was used to cut the epididymis into six to ten pieces. 

3. A clean piece of gauze was used to filter the suspension that came from 

the previous stage and put it into a test tube. 

4-A single drop of the filtrate was applied to the Neubauer chamber, which 

had been covered with a cover slide earlier. 

5. The sperms on the five squares that are used to count the RBCS with the 

40 X objective lens. 

6. The number of sperm was determined in one millimeter cubic. 

Sperms/cmm = n X 10000 where n is the number of sperm in each of the 

five squares. 
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3.14.2 Sperm motility percentage: 

Using the graduation basis proposed by Chemineau et al. (1991), the 

motility of each epididymal sperms was assessed as follows: 

1. A diluted epididymal sperm drop was placed on a clean, warm slide at 

37°C, and the slide was covered with a cover slide. 

2. A 40X power microscope was used to analyze the sperm. 

The percentage is determined by measuring the strength and speed of the 

forward-moving sperm as they advance. 

3.14.3 Sperm abnormality: 

Using 200 sperms and a light microscope with a 100X power, the aberrant 

spermatozoa percentage was counted on the same slide that was used to 

assess the viability of epididymal sperm (Evans & Maxwell, 1987). 

1. A heated, spotless slide was covered with diluted semen. 

2. A glass rod was used to properly mix the semen after a drop of warm 

eosin-negrosin dye was applied.  

A clean slide was placed angularly on top of the semen slide and pulled 

horizontally to create a smear.  

3. We let the slide air dry. 

4. The slide was inspected at 40 X power using a light microscope. The 

color of dead sperm was red, whereas the color of live sperm was white. 

The components of the Eosin-Negrosin stain are 

Eozin                    1.67 gm 

Negrosin               10 gm 

Sodiium citrate       2.9 gm 

And diistal water     100 ml 

3.15 The histological preparation : 

       The animals were slaughtered at the conclusion of the trial, and the 

organs—the kidney, liver, and testes—were carefully removed, washed, 

and preserved in 10% buffered formalin for a full day. 
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 After utilizing a graded series of ethanol to dehydrate the specimens, they 

are cleaned in two changes of xylene and then embedded in paraffin wax. 

A rotary microtome was used to cut the section's thickness of 5 µm. The 

sections were then placed on clean slides for histological inspection after 

being stained with hematoxylin and eosin (H&E), and the tissue structure 

was assessed under the light microscope (Mescher, 2010). 

3.16 Molecular procedure 

3.16.1 Samples:  

       RNA Stabilization Solution: RNAlater solution had been used to 

preserve tissue samples. RNAlater is an aqueous tissue storage solution that 

quickly enters tissues, stabilizing and protecting RNA in fresh specimens. 

Samples in the RNAlater solution can be held for a prolonged length of 

time to prevent RNA degradation. Tissue samples were placed in 

containers containing 5–10 volumes of RNAlater solution and stored at 4°C 

overnight (to allow the solution to thoroughly penetrate the tissue), and on 

the next day, the samples were moved to a -20° freezer until RNA 

extraction. 

3.16.2 Primers 

   The following primers were used in Real-time PCR experiment  

Table 3-4 Primers: 

Cpt1b  CTCCCGACAAGGTATGGCTC 

GCTTGGGCAGTGATGTTTGG 

IL-1β  GGGATGATGACGACCTGCT 

CCACTTGTTGGCTTATGTTCTG 

B-actin-F 

B-actin-R 

GTATGGGTCAGAAGGACTCC 
GTTCAATGGGGTACTTCAGG 
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3.16.3Tissue homogenization and RNA extraction 

      The RNA isolation was done using the GoScript™ SV Total Isolation 

System kit (Promega). 

3.16.4 Preparation of Lysates from Small Tissue Samples  

1. All studies utilized RNase-free pipettes and gloves to prevent RNase 

contamination. 

2. The frozen samples were washed from the RNALATER solution with 

chilled RNAse free water. 

3. Tubes containing the RNA Lysis Buffer were weighted and recorded 

for their weight. 

4. We cut the tissue into small pieces with a sterile razor blade. Tissue 

samples were immersed the tissue with liquid nitrogen and ground 

using a mortar and pestle. Ground tissue powders were immediately 

transferred to a tube containing RNA Lysis Buffer. Samples were 

mixed thoroughly by inverting tubes a few times. 

5. We calculated the tissue mass by subtracting the weight obtained in 

Step 2. 

6. In general, we maintained the ratio of tissue mass to RNA Lysis Buffer 

to approximately 30 mg/175µl.  

7. 350µl of RNA Dilution Buffer were added to 175µl of the lysate and 

mixed by inverting 3–4 times and centrifuged for 10 minutes at 

12,000–14,000. 

8. Add 200 µl of 95% ethanol to the cleaned lysate and stir 3-4 times 

using a pipette. 

9. The mixture was transported to the spin column assembly and spun 

down for one minute. 

10. Following, the samples underwent washing with washing buffer, 

DNAse treatment, and a final elution step using RNAse free water.  
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  3.16.5 RNA concentration determination:  

       Using Nonodrop one, the concentration of RNA was measured for 

each sample. The concentration of all samples was diluted and adjusted to 

100n/µl. 

3.16.6 cDNA synthesis 

1.  We mixed the primers and total RNA to a 5µl final volume as listed in 

the following table. 

Table 3-5 cDNA synthesis: 

Component 

 

RNA (300 ng total)  3 µl                                                                     

Random Primer (0.5µg/reaction) 1µl /reaction 

Nuclease-Free Water  1µl                                                                                                   

Final volume     5µl 

2. The tubes were put into a warmed 70°C heat block for 5 minutes 

followed by chilling on ice and were kept on ice until the reverse 

transcription reaction mix is added. 

3. We prepared the opposite transcriptase A combination of the GoScript™ 

Reverse Transcription System according to the concentration of each 

sample to a final volume of 15µl in a sterile microcentrifuge and then we 

kept it on of the ice before distributing into reaction tubes. 

4. We combined 5µl of RNA and primer mix prepared in step one to the 15 

µl reverse transcriptase mix prepared in step three to achieve Use a final 

reaction measurement of 20µl for tube.  

Anneal: 25°C, for 5 minutes. First-strand synthesis reaction: 42°C for up to 

one hour.Inactivation: 70°C for 1 minute 

3.16.7 QPCR reaction 

     The reaction mix was prepared by combining, Nuclease-Free Water and 

primers in the order listed. 
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Table 3-6 QPCR reaction 

Component  Volume  Final Concentration 

GoTaq® qPCR Master Mix (2X) 10μl 10μl 1X 

Forward Primer (20X) 1μl 0.5 μM 

Reverse Primer (20X) 1μl 0.5 μM 

Supplemental CXR Reference Dye 0.2μl 300 nM 

300nM Nuclease-Free Water  to a final 

volume of 

16μl 

 

Final volume 15 µl  

 

  3.16.8 Real Time qRT-PCR analysis 

    3.16.8. 1. CT 

       To calculate the ratio of gene expression we utilized the values of Ct to 

calculate the  relative gene expression according to the following equation:  

(Livak and Schmittgen, 2001). 

CT (test) = CT gene of interest (target, test) – CT internal control 

3.16.8.2.  CT 

To compare the transcript levels between different samples the 2 -Ct . 

By calculating Calculate the difference in cycle threshold (Ct) values 

between the internal control gene and the gene of interest using the formula 

below:CT (test) = CT gene of interest (test) – CT internal control 

CT (calibrator) = CT gene of interest (calibrator) – CT internal control. 

The calibrator was selected from the set of control samples. 

The CT of the test samples was normalized to the CT of the calibrator: 

 CT was calculated according to the following equation: 

 CT=CT (test)- CT (calibrator) 

Finally, the expression ratio was calculated according to the formula 
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2-Ct = Normalized expression ratio (Yang et al.,2014) 

3.17 Statistical analysis 

        The data from the present three investigations were analyzed with univalent 

analysis of variance (ANOVA) in the computerized SPSS (Statistical Packages 

for the Social Sciences) V.23 program. P<0.05 was considered statistically 

significant. The data was reported as mean ± standard error. To compare groups, 

the least significant difference (LSD) test was used. 
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4- Results 

4.1-Effect of Tocotrienols supplement on body weight of the 

male laboratory rats in protective experiment. 

         The effect of tocotrienols supplement on body weight in protective 

experiment is shown in table (4-1). It is normal for body weight results to 

appear insignificant during the first two weeks of the study. After that, 

there was significant increase (P≤0.05) in body weight of laboratory rats 

fed on HFD and HFDT when compared with body weight of laboratory rats 

of control group. However, the rats fed on HFDT showed significant 

decrease (P≤0.05) in their body weight after the fifth week compared with 

rats fed HFD, but still significantly higher (P≤0.05) than the body weight of 

rats in control group along the twelfth week of the experiment. (P≤0.05). 
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Table (4-1) Effect of Tocotrienols supplement on body weight (g) of male 

laboratory rats in protective experiment. (Mean ± SE) 

 Groups Control HFD HFDT Sign. 

Week0 84.74±3.88 82.92±8.28  84.74±3.60  N.S 

Week1 87.78±3.88 92.30±8.11  89.34±3.65  N.S 

Week 2 93.94±3.52 b 106.65±8.26 ab 113.03±1.83a * 

Week3 99.27±3.06 b 117.79±8.39 ab 132.97±2.58 a * 

Week4 108.04±3.05 c 132.22±8.19 b 161.13±3.96 a * 

Week5 117.30±3.62 b 173.26±6.71 a 167.60±3.48 a * 

Week6 140.78±3.14 c 226.70±7.53 a 173.63±3.01b * 

Week7 146.87±3.05 c 231.05±7.47 a 179.29±3.04 b * 

Week8 156.70±2.70 c 238.09±7.47 a 185.38±2.40 b * 

Week9 157.20±2.65 c 242.17±7.30 a 193.72±4.22 b * 

Week10 159.10±2.56 c 259.56±7.63 a 208.24±6.31 b * 

Week11 160.24±2.70 c 263.92±7.63 a 218.98±5.50 b * 

Week 12 161.60±2.63 c 277.83±7.47 a 232.26 ±6.39 b * 

Small letter referred horizontally to significant difference at (P≤0.05). N.S.=non 

significant. * = significant. HFD: high fat diet, HFDT: high fat diet plus tocotrienols. 

4.2-Effect of tocotrienols supplement on body weight of the 

male laboratory rats in therapeutic experiment. 

       As illustrated in table 4–2, there was no significant difference (P≤0.05) 

between the therapeutic group and the obesity group along the eight weeks 

of the experiment period, while the two treatments (Obesity and obesity 

+tocotrienol) recorded significant increase (P≤0.05) in body weight of their 

rats comparing to body weight of control rats along the eight weeks of the 

experimental period.   
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Table (4-2) Effect of tocotrienols supplement on Body weight of male rats in 

therapeutic experiment. (Mean ± SE) 

Groups Control Obese Obese plus tocotrienol  Signif  

Week1 171.6350 ± 9.03 

b 

283.9767 ± 7.96566 

a 

282.2683 ±11.52961 

a 

* 

Week2 175.1333 ±8.98 

b 

289.7083±7.90702 

a 

288.0467±11.04827 

a 

* 

Week3 176.6667  ± 9.27155 

b 

291.5517±7.81200 

a 

291.1417±11.05448 

a 

* 

Week4 180.8883±9.47734 

b 

297.4317±7.89940 

a 

296.2350±10.88358 

a 

* 

Week5 186.2167  ± 9.72685 

b 

302.8367±7.77500 

a 

301.5417±10.65095 

a 

* 

Week6 193.2983±9.74651 

b 

310.3967±7.93780 

a 

308.0233±10.22584 

a 

* 

Week7 199.7200±9.49856 

b 

316.9700±8.16467 

a 

311.6800±9.75794 

a 

* 

Week8 205.6217±9.38023 

b 

323.0667±7.87030 

a 

316.2533±9.53987 

a 

* 

 

Small letters referred to significant difference at (P≤0.05). N.S.=non significant. * = 

significant.  

4.3-Effect of tocotrienols supplement on body weight gain of 

male rats in protective experiment. 

       The results of body weight gain in the protective experiment are 

presented in table 4–3. It shows that body weight gain fluctuated 

significantly (P≤0.05) among the experimental groups. In the first fourth 

weeks of the experiment (P≤0.05), the rats of HFDT group gained weight 

higher significantly (P≤0.05) than the rats of HFD and control groups. 

Nevertheless, the increase in body weight gain of rats  significantly 

changed (P≤0.05) to became higher in HFD group when compared with 
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HFDT and control groups extending this increasing for the seventh week of 

the study.  After that, the results of body weight gain of rats for all studied 

groups appeared closely in their values to each other although there was 

signification (P≤0.05) among groups. In general, the body weight gain of 

rats fed HFD and HFDT showed significant elevation (P≤0.05) in their 

values when compared with body weight gain of rats fed standard ration in 

control group.  

Table(4-3) Effect of tocotrienols supplement on Body weight gain of male rats in 

protective experiment . (Mean ± SE) 

  

Groups 

 

Control 

 

HFD 

 

HFDT 

 

Signi. 

Week 1 3.04±0.23 c 9.38±0.33 a 4.59±0.30 b * 

Week 2 6.15±0.84 c 14.34±0.58 b 23.69±4.00  a  * 

Week3 5.33±0.77 c 11.14±0.56 b 19.94±2.54 a * 

Week4 8.76±0.60 b 14.42±0.42b  
 

28.15±3.66  a  * 

Week5 9.26±0.81 b 41.04±8.85 a  6.47±1.13 b * 

Week6 23.48±1.13 b  53.43±10.46 a  6.02±0.60 b * 

Week7 6.08±0.35 a 4.35±0.32 b 5.6533±0.51 a * 

Week8 9.83±0.87 a 7.04±0.11 ab  6.09±1.72 b * 

Week9 0.49±0.14 b 4.08±0.30 ab  8.34±3.57 a * 

Week10 1.90±0.30 b 17.39±0.55 a 14.51±2.85 a * 

Week11 1.13±0.22  

 

4.36±0.12  10.74±7.49  N.S 

Week 12 1.36±0.24 b 13.90±0.17 a 13.28±1.13 a * 

 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 
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4.4 -Effect of tocotrienols supplement on body weight gain of 

male rats in therapeutic experiment. 

         Table (4-4) shows the effect of tocotrienol on body weight gain in a 

therapeutic experiment. The increase in body weight gained in the first 

week was significant (P≤0.05) between the therapeutic group and the obese 

group compared to the control group at P≤0.05. But the results of body 

weight gain of rats for all studied groups appeared non- significant 

(P≤0.05) in their values along the experiment period after the second week 

of the study.  

Table (4-4) Effect of tocotrienols supplement on Body weight gain of male rats in 

therapeutic experiment. (Mean ± SE) 

 

Groups 

 

Control 

 

Obese 

 

Therapeutic 

 

Signi. 

Week1 3.49 0± .20 

b 

5.73 0± .10 

a 

5.77 0± .59 

a 

* 

Week2 1.53 0± .43 1.84 0± .16 3.09 ±1.46 N.S 

Week3 4.22 0± .45 5.88 0± .36 5.09 ±1.13 N.S 

Week4 5.32 0± .66 5.40 0± .26 5.30 ±1.15 N.S 

Week5 7.08 0± .44 7.56 0± .33 6.48 ±1.72 N.S 

Week6 6.42 ±1.37 6.57 0± .87 3.65 ±1.15 N.S 

Week7 5.90 ±1.41 6.09 0± .44 4.57 0± .33 N.S 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. 

4.5- Effect of tocotrienols supplement on feed consumption of 

male rats in protective experiment 

     The results in Table (4-5) showed food consumption for male rats 

during two weeks along the study period in the protective experiment. The 

results were recorded non- significant (P≤ 0.05) difference among variable 
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feed content groups. While the last two weeks of the experiment referred to 

significant decrease (P≤ 0.05) in feed consumption of HFDT male rats 

when compare with feed consumption of laboratory rats of control and 

HFD groups.  

Table (4-5) Effect of tocotrienols supplement on feed consumption (gm/rat/day) of 

male rats in protective experiment. (Mean ± SE)  

 Groups Control  

gm/rat/day 

HFD  

gm/rat/day 

HFDT   

gm/rat/day 

Sign. 

2Weeks 14.57±0.64 11.72 ±1.49 

 

11.68 ±1.04 

 

N.S 

4Weeks 15.21±0.73 

 

15.54±1.07 

 

14.55±0.62 

 

N.S 

6Weeks  15.11±0.23 

 

14.15±0.75 

 

13.67±0.59 

 

N.S 

8Weeks 14.44±0.53 12.72±0.639 

 

12.78±0.87 

 

N.S 

10Weeks 17.03±0.91 

 

16.67±0.86 

 

16.72±0.491 

 

N.S 

12Weeks 14.23±0.61 

a 

12.57±0.56 

ab 

12.12±0.63 

b 

* 

 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

4.6-Effect of tocotrienols supplement on feed consumption of 

male rats in therapeutic experiment 

    Food consumption in the therapeutic experiment was calculated every 

two weeks as shown in Table (4-6). The results showed a significant (P≤ 

0.05) increase in food consumption of rats feed on obese and tocotrienol 

groups compared with rats feed low fat diet in control group through the 

period between second and fourth week of the experiment. But the period 

between fourth and sixth week of the experiment there was significant 

reduce in food consumption for the therapeutic rats group compared with 

the obese group. On the other hand, in the eighth week, food consumption 

decreased significantly in the obese group compared with the other studied 

groups 
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Table (4-6) Effect of tocotrienols supplement on feed consumption (gm/rat/day) of 

male rats   in therapeutic experiment. (Mean ± SE)  

 Groups Control  

gm/rat/day 

Obese  

gm/rat/day 

Therapeutic group 

gm/rat/day 

Sign. 

2Weeks 14.46 ± 0.31 

 

15.59 ±0.98 

 

14.94 ±0.92 

 

N.S 

4Weeks 14.33 ±0.39 

b 

18.92 ±1.30 

a 

18.80 ±1.60 

a 

* 

6Weeks  17.31 ±0.81 

ab 

18.15 ±0.39 

a 

16.07 ±0.57 

b 

* 

8Weeks 15.08 ±0.76 

a 

 

12.97 ±0.16 

b 

 

15.85 ±0.86 

a 

* 

small letter represent significant difference at (P≤0.05). N.S.=non significant. * = 

significant. 

4.7-Effect of tocotrienols supplement on BMI , Lee index and 

AI of male rats in protective and therapeutic experiments 

              The measurement of BMI, Lee index and AI recorded significant 

elevation (P≤ 0.05) in male rats fed on HFD when compared with the other 

two groups of protective experiment table (4-7). However, the supplement 

of tocotrienol for rats fed on HFDT enhance the values of BMI, Lee index 

and AI to appear less significantly (P≤ 0.05) when compared with HFD 

groups, although it remains significantly higher (P≤ 0.05) than control 

group.  

In contrast, therapeutic experiment recorded the same manner of protective 

experiment, that recorded significant elevation (P≤ 0.05) for the HFD 

group, while addition of tocotrienol reduced the BMI, Lee index and AI 

values but still higher than (P≤ 0.05) control group.       
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Table (4-7) Effect of tocotrienols supplement on BMI , Lee index and AI of male 

rats in protective and therapeutic experiments. (Mean ± SE) 

Groups BMI g/cm2 Lee index g/cm AI % 

control 0.481± 0.01  

c 

0.296 ± .004 

c 

4.083±0.12 

c 

HFD 0.733±0.03 

a 

0.334±.006 

a 

9.345±0.31 

a 

HFDT 0.610±0.01 

b 

0.314±.002 

b 

6.491±0.37 

b 

Signi. * * * 

control 0.520±0.01 

c 

0.296±.001 

c 

4.075±0.18 

b 

obese 0.733±0.02 

a 

0.326±.004 

a 

7.455±0.24 

a 

Therapeutic 0.662±0.01 

b 

0.311±.002 

b 

6.768±0.48 

a 

Signi. * * * 

Small letter referred to vertically significant difference at (P≤0.05). N.S.=non 

significant. * = significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

4.8-Effect of tocotrienols supplement on relative weight of 

liver, kidneys and testes of male rats in protective and 

therapeutic experiments 

      The relative weight of liver, kidney and testes on total body weight of 

animals illustrated in table (4-8).  The protective experiment revealed a 

significant (P ≤ 0.05) elevation (P ≤ 0.05) in the relative weight of the liver 

in male rats treated with HFD and HFDT (protective groups) compared to 

the control. On the contrary, relative weight of testes impaired by HFD also 

when tocotrienol supplement in HFDT and showed significant decline (P ≤ 

0.05) when compared with relative weight of testes in animals of control 

group. whereas, the results recorded non- significant difference (P ≤ 0.05) 

in the relative weight of kidney among the studied group.   

       On the other hand, there was significant elevation (P ≤ 0.05) in relative 

weight of liver of HFD male rats compared with rats of the control and 
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HFDT groups. While testes and kidney recorded significant decline (P ≤ 

0.05) in their relative weight for the rats fed HFD and HFDT groups when 

compared with control group.  

Table (4-8) Effect of tocotrienols supplement as protective and therapeutic 

experiment on relative weight of liver, kidneys and testes of male rats. (Mean ± SE) 

  

Groups 

  

  

Liver weight/ 

body weight % 

  

Kidneys weight/ 

body weight % 

  

Testes   weight/ 

body weight% 

control 1.9±0.00 b 0.36±0. 02 

  

0.53±0.01 a 

HFD 3.3±0. 10 a  0.31±0. 01  0.39±0.03 b 

HFDT 3.1±0. 20 a  0.33±0. 02  0.34±0.01 b 

Signi. * N.S * 

control 2.2±0. 18 b 0.31±0. 02 a 

  

0.48±.04 a 

obese 3.5±0. 16 a  0.25±0.01 b 0.34±0.03 b  

  

Theraputic 2.4±0. 12 b 0.28±0.00 ab  0.37±.02 b 

Signi. * * * 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

4.9-Effect of Tocotrienols supplement on some hematological 

indices of male rats in protective and therapeutic obesity 

experiments. 

       The estimation results of RBC, Hb, PCV%, MCV, MCH and MCHC 

were represented in table (4-9), Blood indices of protective experiment of 

obese and tocotrienol supplemented rats appeared non-significant (P≤ 0.05) 

in Hb, PCV, MCV, MCHC compared with control group. In contrast RBC 

and MCH showed significant difference (P≤ 0.05) among the studied 

groups of protective experiment. 

In the therapeutic experiment, the estimation of Hb, PCV and MCHC 

recorded significant (P≤ 0.05) elevation in their values for rats of   obese 
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and control groups. Also, RBC count reduce in obese and therapeutic 

groups compare with control group. Whilst results of MCV and MCH 

revealed significant (P≤ 0.05) decline for the control and therapeutic groups 

when compared with obese male rats in obese group. 

Table (4-9) Effect of tocotrienols supplement on  RBC Counts and RBC Indices of 

male rats  in protective and therapeutic experiments. (Mean ± SE) 

 
Groups 

 

 

 RBC × 

106/μL 

 

Hb 

g/dl 

 

PCV 

%   

 

MCV 

fl 

 

MCH 

Pg 

 

MCHC 

% 

control 7.89±0.24 

a 

13.31±0.39 41.16±1.06 52.26±0.80 

 

16.88±0.32 

b 

 

32.33±0.21 

HFD 7.44±0.17 

a 

13.26±0.32 

 

40.40±0.91 

 

54.28±0.66 

 

17.81±0.12 

ab 

32.83±0.28 

 

HFDT  7.09±0.27 

b 

13.01±0.51 38.90±1.67 54.38±0.76 18.25±0.58 

a 

33.60±1.33 

Signi. * N.S N.S N.S * N.S 

control 8.25±0.10 

a 

13.86±0.26 

a 

42.60±0.62 

a 

51.61±0.62 

b 

 

16.76±0.24 

b 

 

32.55±0.16 

a 

 

obese 7.58±0.08 

b 

13.23±0.19 

a 

 

41.78±0.57 

a 

55.08±0.37 

a 

 

17.46±0.22 

a 

 

31.68±0.48 

a 

 

Thera

putic 

7.33±0.30 

b 

12.00±0.46 

b 

38.23±1.12 

b 

52.35±0.92 

b 

16.38±0.22 

b 

31.33±0.35 

b 

Signi. * * * * * * 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

4.10-Effect of Tocotrienols supplement on total and 

differential WBC in protective and therapeutic obesity 

experiments 

          The total and differential WBC in protective obesity experiment 

represented in table 4-10 referred to significant elevation (P≤0.05) in total 

WBC count and neutrophils for rats fed on HFD, while the control group 

that had rats fed on LFD and rats fed on HFD supplemented with 
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tocotrienol appeared less total WBC and neutrophils number. The other 

types of WBC (Lymphocyte, monocyte, eosinophils, and basophils) 

appeared non-significant difference (P≤0.05) among all studied groups.  

Additionally, in the therapeutic experiment, the values of total WBC, 

neutrophils and lymphocytes revealed a significant (P≤0.05) reduced in 

their values in obese male rats treated with tocotrienol when compared with 

male rats in obese group, and appeared resemble (P≤0.05) of control group. 

In contrast there was  no significant (P≤0.05) difference in basophils, 

eosinophils, and monocyte% in all studied groups . 

Table (4-10) Effect of tocotrienols supplement on total and differential WBC of 

male rats in protective and therapeutic obesity experiments. (Mean ± SE) 

 

Groups 

 

 

WBC×103/

μL 

 

NEUT% 

 

 

Lymph%   

 

Mono%       

 

Eosino% 

 

% Baso 

control 9.44±0.12 

b 

2.40±0.43 

b 

6.55 0± .51 

 

0.37±.06 0.07±.03 0.13±.09 

HFD 13.72±1.16a 4.10±0.45 

a 

 

8.90±1.44 

 

0.47±0.12 0.09±0.07 

 

0.15±0.05 

 

HFDT 9.32±0.12 

b 

1.84±0.20 

b 

 

7.26 0± .08 

 

0.20±0.12 0.07±0.02 0.11±0.06 

Significant * * N.S N.S N.S N.S 

control 9.67±0.14 

b 

2.318±0.17 

b 

6.97±0.19 

b 

0.34±0.05 

 

0.08±0.03 

 

0.21±0.11 

 

obese 17.89±2.25a 3.80±0.53 

a 

13.15±1.94 

a 

 

0.60±0.13 0.17±0.09 0.15±0.03 

Therapeutic 10.72±1.48 

b 

2.81±0.61 

ab 

7.02±1.11b 0.581±0.1

0 

0.17±0.13 0.02±0.00 

 
Significant * * * N.S N.S N.S 

small letter represents significant difference at (P≤0.05). N.S.=non-significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 
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4.11-Effect of tocotrienols supplement on liver enzymes 

activity and kidney functions in protective and therapeutic 

obesity experiments  

     The effect of HFD administration to animals showed an obvious  

significant increase (P≤0.05) in the activity of liver enzymes (AST, ALT 

and ALP) when compared with animals of control group. In other hand, 

renal function recorded the deleterious effect of HFD administration to rats 

through significant elevation (P≤0.05) in urea levels for both groups fed 

HFD in spite of addition of tocotrienol for one of them, while animals of 

control group appeared less significant (P≤0.05) when compared with the 

HFD groups. But there was no change (P≤0.05) in creatinine levels among 

the studied groups.    

      The second experiment when tocotrienol additive after inducement of 

obesity, the liver enzymes showed similar concentration with control 

group, although there was significant increase in ALP enzyme activity in 

obese group. Conversely, renal function indicators (urea and creatinine) 

showed non-significant difference among all studied groups.  
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Table (4-11) Effect of tocotrienols supplement on liver enzymes and kidney 

functions in protective and therapeutic experiments. (Mean ± SE) 

 

Groups 

 

AST 

U/L 

 

ALT 

U/L 

 

ALP 

U/L 

 

Urea 

mg/dl 

 

Creatinine 

mg/dl 

control 142.00 

±10.47 

b 

34.83 

±1.24 

 b 

218.66 

±13.69 

b 

12.50 

±0.99 

b 

 

0.59 

±0.01 

HFD 264.00 

±62.50 

a  

 

47.33 

±6.52 

a 

303.83 

±16.54 

a 

21.33 

±1.35 

a 

0.64 

±0.02 

HFDT 161.50 

±11.898  

ab 

38.83 

±0.74  

ab 

265.66 

±19.81 

ab 

17.00 

±2.86 

ab 

0.60 

±0.01 

 

Signi. * * * * N.S 

control 108.00 

±10.76 

 

34.66 

±7.45 

 

149.83 

±9.82 

b 

18.66 

±2.24 

 

0.37 

±0.03 

 

obese 129.16 

±21.05 

 

42.33 

±6.87 

 

224.16 

±15.46 

a 

19.83 

±1.99 

 

0.43 

±0.04 

 

Theraputic 

 

111.66 

±12.51 

33.50 

±7.38 

168.00 

±16.39 b 

18.00 

±2.70 

0.41 

±0.02 

Signi. N.S N.S * N.S N.S 

Different small letter represents significant difference at (P≤0.05). N.S.=non significant. 

* = significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

4.12-Effect of tocotrienols supplement on total protein, 

Albumin, Globulin and C reactive protein    in protective and 

therapeutic experiments  

        As shown in table (4-12), the effect of tocotrienol supplement on HFD 

led to significant reduction (P≤0.05) in total protein and globulin levels and 

failed to enhance the concentration of C-reactive protein and glucose to 

appeared unlike (P≤0.05) their values in control group while non- 

significant (P≤0.05) with HFD group. In contrast, the therapeutic additive 

of tocotrienol to obesity laboratory rats was able to enhance (P≤0.05) 
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values of albumin and glucose when compared with laboratory rats 

suffered from obesity risks. Although there was no significant difference 

(P≤0.05) in values of total protein, globulin and C- reactive protein.   

Table (4-12) Effect of tocotrienols supplement on total protein, Albumin, Globulin, 

C reactive protein and glucose in protective and therapeutic experiments. (Mean ± 

SE) 

Groups 

 

Tprotein 

mg/dl 

Albumin 

mg/dl 

Globulin 

mg/dl 

CRP 
mg/l 

Glucose 

 mg/dl 

control 54.16±0.98 

b 

32.16±0.87 22.16±0.60 

a 

0.58±0.00 

b 

133.16±6.08 

b 

HFD 58.83±1.72 

a 

34.33±0.88 24.50±1.23 

a 

1.29±0.21 

a 

230.33±34.50 

a 

HFDT  51.50±1.176 

b 

31.83±1.16 18.83±0.47 

b 

1.06±0.11 

a 

219.50±25.13 

a 

Signi. * N.S * * * 

control 61.00±1.788 

 

34.00±1.06 

b 

27.00±1.36 

 

1.01±0.10 126.33±5.75 

c 

obese 64.50±1.310 37.16±0.70 

a 

27.33±0.95 1.23±0.09 

 

212.50±6.69 

a 

Theraputic 62.00±1.437 34.16±0.94 

b 

27.83±1.07 1.050±0.0

8 

176.66±11.76 

b 

Signi. N.S * N.S N.S * 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

4.13-Effect of tocotrienols supplement on lipid profile in protective and 

therapeutic obesity experiments  

        The effects of tocotrienol supplementation on serum lipid profiles are 

represented in table (4-13).  The beneficial effect of tocotrienol additive to 

HFD on male rats was clearly recognized, these appeared through lower 

significant levels of triglyceride, LDL-c and VLDL-c and high significant 

level of HDL-c in HFDT group than male rats fed on HFD without 

tocotrienol supplement, and get some results closely from male rats of 

control group. However, cholesterol levels showed non-significant 

difference among the groups of the study.  
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        Also, when tocotrienol supplemented as therapeutic dose from obesity 

deleterious effect was able to reduce  the values of triglyceride and LDL-c 

bur these reduce non-significant when compared with obese group. 

Regarding  cholesterol, HDL-c and VLDL-c recorded non-significant effect 

among the studied groups.  

Table (4-13) Effect of tocotrienols supplement on lipid profile of male rats in 

protective and therapeutic experiments. (Mean ± SE) 

 

Groups 

 

 

Cholestero

l 

mg/dl 

 

TG 

mg/dl 

 

HDL-C 

mg/dl 

 

LDL-C 

mg/dl 

 

VLDL-C 

mg/dl 

control 59.83±1.35 28.66±3.76 

b 

20.50±1.83 b 4.33±0.49 

b  

5.50±0.76 b 

HFD 66.16±7.25 80.33±2.60 

a 

26.16±2.79 

b 

13.46±0.96 a 15.93±0.49 

a 

HFDT 64.16±5.30 33.16±3.91 

b 

38.50±3.59 

a 

10.83±1.712 

a 

6.66±0.80 

b 

Signi. N.S * * * * 

control 58.83±1.53 42.50±5.27 

b 

33.33± 1.58 9.33±1.28b 8.16±0.87 

obese 56.50±2.69 

 

67.33±8.01 

a 

32.50±1.72 

 

15.33±2.99 

a 

13.00±1.54 

 

Theraputic 60.00±6.92 61.83±7.95 

ab 

37.83±4.23 10.83±1.01 

ab 

14.33±3.29 

Signi. N.S * N.S * N.S 

Different small letter represents significant difference at (P≤0.05). N.S.=non significant. 

* = significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 

 

4.14-Effect of tocotrienols supplement on irisin, leptin, 

Adiponectin and Insulin hormones of male rats in protective 

and therapeutic obesity experiments. 

The effect of tocotrienol additives on metabolic hormones (Irisin, Leptin, 

Adiponectin and Insulin) is mentioned in table(4-14).In this table, results 

showed significant elevation in all metabolic hormones concentrations 

(Irisin, Leptin, Adiponectin and Insulin) in HFD group and unable 
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tocotrienol to improve their concentration when compared with their 

concentration in rats of control group, except for irisin and insulin 

hormones, tocotrienol supplement  was able to reduce its values to appear 

non-significant with control group. In therapeutic experiment, the results of 

the effect of tocotrienols on the hormones irisin, adiponectin and insulin 

showed no significant differences (P≤0.05) among the groups of the study.  

However, the results showed a significant increase in leptin hormone 

concentration in obesity and therapeutic groups  compared to control group, 

but between these two groups results did not record any significant 

difference at (P≤0.05). 

 

Table (4-14) Effect of tocotrienols supplement on Irisin, Leptin, Adiponectin and 

Insulin of male rats  in protective and therapeutic experiments. (Mean ± SE) 

Groups 

 

Irisin 

(ng/ml) 

Leptin  

(ng/ml) 

Adiponectin  

(ng/ml) 

Insulin   

(ng/ml) 

control  7.40±0.39 

b 

1.90 0± .17 

b 

7.03 0± .63 

b 

8.05 0± .48 

b 

HFD 10.74 0± .91 

a 

3.39 0± .21 

a 

11.15 0± .39 

a 

10.2923 0± .44 

a 

HFDT 9.39 0± .61 

ab 

3.13 0± .23 

a 

11.75 0± .47 

a 

8.74 0± .28 

b 

signi * * * * 

control 11.51±.91 3.27 0± .26 

b 

13.15± 0.39 8.15± 0.53 

obese 12.84 0± .68 4.20 0± .29 

a 

10.73±1.53 8.43 0± .12 

Theraputic 10.59 0± .82 3.51 0± .12 

ab  

11.51±1.65 8.89 0± .55 

signi N.S * N.S N.S 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 
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4.15-Effect of tocotrienols supplement on some sex hormones 

of male rats in protective and therapeutic Obesity 

experiments. 

          The effect of obesity on reproductive hormones and role of 

tocotrienol in improving the concentrations represented by table (4-15). 

The results investigated there was no significant effect of obesity on 

testosterone and FSH hormones concentration among the studied groups in 

protective experiment when tocotrienol added together with feed of animals 

with high fat diet, except for LH hormone that showed significant decrease 

in their concentration for HFD and HFDT groups when compared with 

control group. However, testosterone hormone reduces their concentration 

significantly in rats induced obesity and also in rats treated with tocotrienol 

compared with control group. Although the reduction in testosterone 

hormone concentration in therapeutic experiment, but FSH and LH showed 

non-significant differences among the groups of the present study.  

Table (4-15) Effect of tocotrienols supplement on some sex hormones of male rats 

in protective and therapeutic experiments. (Mean ± SE) 

Groups 

 

Testosterone 

( ng/ml) 

FSH 

(mlU/ml) 

LH 

(mlU/ml) 

control 0.94 0± .14 0.73±0.05 2.14 0± .23 

a 

HFD 0.90 0± .15 0.60±0.02 1.25 0± .05 

b 

HFDT  0.94±.14 0.69 0± .05 1.48 0± .13 

b 

Signi. N.S N.S * 

control 1.44 0± .20 

a 

0.63±0.02 1.65±0.15 

obese 0.85 0± .06 

b 

0.59±0.04 1.37±0.11 

Theraputic 0.97 0± .13 

b 

0.65±0.04 1.37±0.20 

Signi. * N.S N.S 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 
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4.16- Effect of tocotrienols supplement on seminal analysis in 

protective and therapeutic obesity experiments. 

At the end of the experiments, sperm viability was estimated in the 

scarified rats of protective and therapeutic experiments. As showed in table 

(4-16) sperm account and motility recorded sever significant reduction in 

their values for the rat’s induced obesity, tocotrienol supplement introduced 

its ability to improve motility and account of sperm values whether in 

protective or therapeutic experiments, although there was significant 

difference between protective and therapeutic experiment, but still 

appeared significantly lower values of sperm motility and account than 

control group.   

In contrast, dead and abnormal sperms in table (4-16) investigated the 

deleterious effect of obesity on sperm viability, it recorded high significant 

percent for dead and abnormal sperms when compared with all studied 

groups. While tocotrienol supplement ameliorated the deleterious effect of 

obesity in protective and therapeutic dose and appeared significantly less 

than control group. 

Table (4-16) Effect of tocotrienols supplement on seminal analysis in third 

experiments. (Mean ± SE) 

Groups 

 

Spe.motili

ty %  

Spe.account 

x 10^6 
Dead spe. % Abnormal sperm% 

control 83 ±1.35 a 178.66±1.49 

a 

7±0.73  
d 

13 ±1.35 
b 

HFD 61 ±2.27 
d 

157.16±2.03 

c 

14±0.87 
a 

28±1.75 
a 

HFDT 

(Protective ) 

76 ±2.08 
b 

179.33±4.34 

a 

9±0.30 
c 

17±1.80 
b 

Therapeutic 71±0.84 
c 

166±2.16 

b 

11±0.51 
b 

16±2.48 
b 

Signi. * * * * 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet, HFDT: high fat diet plus tocotrienols. 
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4.17 Fertility experiment 

After feeding the rats with high fat diet for 12 weeks and supplemented 

with tocotrienol (protective group), while other group induced obesity and 

treated with tocotrienol) therapeutic group   ( for another 8 weeks. The male 

induced obesity and treated with tocotrienol mating with healthy female 

rats as mentioned in the paragraph (3-16). The reproductive efficiency 

represented in table (4-   17 ). The effect of high fat diet that fed to the male 

rats for 12 weeks clearly showed reduction in fertility percent in 

comparison to tocotrienol treated groups and control. These results 

reflected on the number of birth percentage to appear non-significant 

among tocotrienol treated groups and control group. Birth weight was not 

affected significantly by high fat diet and tocotrienol supplement.  

Table (4-17) Effect of tocotrienols supplement on the reproductive efficiency in 

male rats in protective and therapeutic experiments. (Mean ± SE) 

 

Groups 

 

 

Fertility percent% 

 

Birth no. 

 

Birth weight (g) 

control 100% a 7.50 ±0.86 a 5.37±0.67 

 

HFD 75% b 3.00±1.58 b 6.29±2.47 

HFDT 100% a 6.25±0.47 a 5.83±0.60 

 

Theraputic 100% a 7.75±0.75 a 5.26±0.32 

Signi. * * N.S 

small letter represents significant difference at (P≤0.05). N.S.=non significant. * = 

significant. HFD: high fat diet ,HFDT: high fat diet plus tocotrienols. 
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4.18 Histopathological Examination  

4.18.1 Histopathological changes in the liver  

        Figure 4-1 shown later represents the liver of control group. There 

were no histological changes may affect the liver function for each figure 

and the tissues appeared with normal structure, which consist of normal 

central vein, normal hepatocytes and normal sinusoids. 

The histopathological examination of liver in rats fed high fat diet- induced 

obese   for 12 weeks suffered from pathological lesions such as severe peri 

central vein vacuolation of hepatocytes (figure 4-2). In contrast, the 

histopathological examination of rat’s liver that fed high fat diet and 

supplemented with tocotrienol for 12 weeks showed hepatic changes less 

than rats fed high fat diet alone such as early regenerated hepatocytes and 

normal sinusoids (figure 4-3). Obese rats in therapeutic experiment 

suffered from moderate peri central vein vacuolation of hepatocytes and 

dilation of sinusoids (figure 4-4). Histological section of liver of 

therapeutic group rats that fed high fat diet- induced obese   for 12 weeks 

then supplemented with tocotrienol for 8 weeks and shows moderate 

vacuolation of hepatocytes, dilation of sinusoids (figure 4-5). 

 4.18.2 Histopathological changes in the kidney  

As shown in figure 4-6, Kidneys of control group showed normal 

architecture of renal parenchyma, which consist of normal glomeruli and 

normal renal tubules. 

Histological section of kidney of the rats fed high fat diet induced obese 

group showed moderate atrophy of glomeruli and dilation of renal tubules 

(figure 4-7). While histological changes in kidneys of rats fed high fat diet 

induced obese and supplement with tocotrienol for 12 weeks (protective 

group) appeared normal glomeruli and mild dilation of renal tubules (figure 

4-8). Histological examination of kidney of obese group in therapeutic 

experiment exhibited moderate atrophy of glomeruli and dilation of renal 
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tubules (figure 4-9). Obese rat group in therapeutic experiment suffered 

from moderate atrophy of glomeruli; dilation of renal tubules (figure 4-10). 

In contrast, the histopathological examination of kidney in therapeutic 

group showed atrophy of glomeruli and dilation of renal tubules (figure 4-

11). 

4.18.3 Histopathological changes in the testes 

The microscopic finding of testes in control rat showed normal structure of 

seminiferous tubules and spermatogenesis and supporting cells that 

arranged in the lining of testes (figure 4-12). The rats fed high fat diet 

exhibited histological changes in testes represented by suppression of 

spermatogenesis and vacuolation of seminiferous tubules (figure 4-12). The 

histopathological examination of testes of protective group that belong to 

rats fed high fat diet and supplemented with tocotrienol showed normal 

spermatogenesis (figure 4-13). Histological examination of testes of obese 

group in therapeutic experiment suppression of spermatogenesis and 

vacuolation of seminiferous tubules (figure 4-14). while histological 

examination of testis of therapeutic group showed mild suppression of 

spermatogenesis; vacuolation of seminiferous tubules (figure 4-15). 
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Figure (4-1 ): Histopathological section of liver of control group showed 

normal architecture of hepatic parenchyma, which consist of normal central 

vein (black arrow), normal hepatocytes (blue arrow), and normal sinusoids 

(green arrow). H&E stain. 100X 

 

 

Figure 

(4-2 ): Histopathological section of liver of HFD group shows severe peri 

central vein vacuolation of hepatocytes (black arrow). H&E stain. 100X 
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Figure (4-3 ): Histopathological section of liver of HFDT (protective) 

group shows early regenerated hepatocytes (black arrow), normal sinusoids 

(blue arrow). H&E stain. 100X 

 

 

 

Figure (4-4 ): Histopathological section of liver of obese  group shows 

moderate peri central vein vacuolation of hepatocytes (black arrow), 

dilation of sinusoids (blue arrow). H&E stain. 100X 

 



Chapter Four                                                                                     Results 

91 

 

 

Figure (4-5 ): Histopathological section of liver of therapeutic group shows 

excessive vacuolation of hepatocytes (black arrow), dilation of sinusoids 

(blue arrow). H&E stain. 100X 

 

 

Figure (4-6 ): Histopathological section of kidney of control group showed 

normal architecture of renal parenchyma, which consist of normal 

glomeruli (black arrow), normal renal tubules (blue arrow). H&E 
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Figure (4-7): Histopathological section of kidney of HFD group moderate 

atrophy of glomeruli (black arrows); dilation of renal tubules (blue arrows). 

H&E stain. 100X 

  

 

 

 

Figure (4-8): Histopathological section of kidney of HFDT (protective) 

group shows normal glomeruli (black arrows); moderate dilation of renal 

tubules (blue arrows). H&E stain. 100X 
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Figure (4-9): Histopathological section of kidney of obese  group moderate 

atrophy of glomeruli (black arrows); dilation of renal tubules (blue arrows). 

H&E stain. 100X 

 

 

 

Figure (4-10): Histopathological section of kidney of therapeutic group 

atrophy of glomeruli (black arrows); dilation of renal tubules (blue arrows). 

Sever vacuolation .H&E stain. 100X 
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Figure (4-11): Histopathological section of testis of control group showed 

normal architecture of testis parenchyma, which consist of normal 

seminiferous tubules (black arrow), normal spermatogenesis (blue arrow). 

H&E stain. 100X 

 

 

 

Figure (4-12 ): Histopathological section of testis  of HFD group 

suppression of spermatogenesis (black arrows); vacuolation of 

seminiferous tubules (blue arrows). H&E stain. 100X 
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Figure (4-13 ): Histopathological section of testis of HFDT (protective) 

group normal spermatogenesis (black arrows). H&E stain. 100X 

 

 

Figure (4-14 ): Histopathological section of testis  of obese  group 

suppression of spermatogenesis (black arrows); vacuolation of 

seminiferous tubules (blue arrows). H&E stain. 100X 
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Figure (4-15 ): Histopathological section of testis  of therapeutic group  

mild suppression  of spermatogenesis (black arrows); vacuolation of 

seminiferous tubules (blue arrows). H&E stain. 100X 

 

 

4.19 Gene Expression  

                Real-time PCR, also known as quantitative reverse transcription 

PCR (RT-qPCR) and quantitative PCR (qPCR), is a very effective and 

sensitive technique used for gene analysis. Real-time PCR is used by 

scientists to objectively assess gene expression. Real-time PCR measures 

the amplification of PCR in real-time, allowing for the measurement of the 

starting amount of nucleic acid. During polymerase chain reaction (PCR), 

SYBR Green quantifies the amplified DNA fragment by specifically 

recognizing and attaching to the double-stranded DNA, while 

simultaneously measuring the emission of fluorescence.  

When it is bound, it shows increased fluorescence. During the extension 

phase of PCR, SYBR Green binds to each new produced double-stranded 

DNA molecule as the targeted region is amplified. A fundamental 
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limitation of this method is its deficiency in specific binding. Therefore, we 

performed melt curve analysis to evaluate the integrity of amplification. In 

order to generate amplification plots, we plotted the fluorescent signal 

emitted by amplicons against the cycle number, which represents the 

accumulation of the product during the RT-qPCR experiment. 

4.19.1 Amplification Curves and Specificity of Gene-Targeted Primers  

          The melt curve plot (also called a dissociation curve plot) displays 

data collected during a melt curve stage. Peaks in the melt curve can 

indicate the melting temperature of a target and can identify nonspecific 

PCR amplification. An analysis of melting curves was performed on all 

amplicons. Cpt1b, IL-1Β, and beta-bactin, the control gene, and showed 

only one peak in all tested samples, as shown in Fig. (4-16). SYBR green 

emission produced a quantifiable fluorescence signal, which was measured 

from reaction tubes for each targeted gene.  
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Figure 4.16 displays the melt curves for the cpt1b , Beta actin, and IL-1B amplicons with each 

peaks temperature marked in red color at the top of the peak. A distinct, solitary amplicon was 

shown by the singular peak found for each amplicon. The melt curve program includes:  a 

temperature rise to 95 °C for denaturation and a subsequent decrease to 60 °C for annealing. 

This is followed by a dissociation phase at 95 °C, during which data for the fluorescence signal 

is collected. 

 

Melt curve plot- Beta actin 

 

83.9 oC 
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4.19.2 Relative Gene Expression  

        Relative quantitation of gene expression enables the quantification of 

differences in the expression level of a specific target (gene) between 

different samples. The data output quantified differences in expression 

levels as a fold-change or a fold-difference. The change in expression of 

Cpt1b, , IL-1Β, and beta-bactin genes was monitored in treated versus 

untreated groups (high-fat diet and tocotrenol vs. control). After 

normalizing to the control values, we reported the data as the mean and 

standard deviation of the three technical replicates using the ΔΔCT method. 

Applied Biosystems™ QuantStudio™ 5 Design and Analysis 

Software v1.5.2 analysis generated the gene expression profile in each case. 

The thresholds were automatically adjusted for all genes, as shown in 

figures (4-17). Applied Biosystems™ QuantStudio™ 5 Design and 

Analysis Software v1.5.2 analysis generated the gene expression profile in 

each case. The thresholds baseline was automatically adjusted for all genes, 

as shown in figures (4-18). 
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Figure 4.17 Amplification plot for cpt1b gene expression in the control, HFDT, HFDT-

protective, and therapeutic groups. The Rn value, also known as the normalized reporter 

value, represents the fluorescent signal emitted by SYBR Green dye, which the 

instrument adjusts by dividing it by the signal of the passive reference dye in a specific 

reaction. The Log ΔRn value was obtained by subtracting the baseline signal provided 

by the instrument from the Rn value of an experimental response which was plotted 

against cycles of amplification. 

 

 

 

 

 

 

 

Figure 4.18 Amplification plot for IL-1β  gene expression in the control, HFDT, HFDT-

protective, and therapeutic. The Rn value, also known as the normalized reporter value, 

represents the fluorescent signal emitted by SYBR Green dye, which the instrument 

adjusts by dividing it by the signal of the passive reference dye in a specific reaction. 

The Log ΔRn value was obtained by subtracting the baseline signal provided by the 

instrument from the Rn value of an experimental response which was plotted against 

cycles of amplification. 
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4.19.3 Relative Gene Expression of Cpt1b 

      The gene expression of the cpt1b gene was 10.17-fold greater in the 

HFDT protective group and 2.54-fold higher in the therapeutic  treatment 

group compared to the control group. A significant decrease of 0.78 fold 

was seen in the HFD group. To calculate the fold change, we standardized 

the results to the control groups, as seen in figure (4-19). 

 

Figure 4.19  
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4.19.4 Relative Gene Expression of IL-1β   

       We measured IL-1β in all groups to evaluate the inflammatory profile 

associated with tocotrienol. The gene expression of the IL-1β gene was 

8.85 fold greater in the HFD group, 2.67 fold higher in the HFDT 

protective group, and 5.09 fold higher in the HFDT therapeutic group 

compared to the control group. To calculate the fold change, we 

standardized the results to the control groups, as seen in figure (4-20). 

 

 

Figure4.20 
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Discussion 

5.1-Effect of tocotrienol supplement on body weight, weight gain, 

and food consumption in  obese  male rats as protective and 

therapeutic . 

 
        The results of present study revealed no significant differences in the 

body weight of animals in all groups of the study through the first and second 

weeks of the experiment. This is normally appeared due to the random 

distribution of the experimental animals into the different groups. Otherwise, 

the experiment also showed an increase in body weight of the groups fed a 

high-fat diet compared to the control group  as a result of eating  high-fat 

foods with high energy content. These was consistent with several researches 

that investigated a diet heavy in fat causes obesity by increasing energy 

intake (Harrold et al., 2000; Ghibaudi et al.,2002; Woods et al., 2003). Also, 

Hariri and Thibault have attributed obesity induced by high-fat diets to their 

high food efficiency (Hariri and Thibault, 2010). 

     The results of this investigation were identical to those published by 

Buettner et al. (2007), who found that body weight disparities between 

control and HFD-fed rats may be noticed after at least two weeks of feeding, 

but became more visible after a minimum of four weeks of dieting. 

According to some researchers, animals fed a high-fat diet initially showed 

a large rise in adipose tissue buildup without any change in body weight 

However, after three weeks, there was an increase in body weight and 

adipocyte hypertrophy (Woods et al., 2003; La Fleur et al., 2010). 

Tocotrienols showed an anti-obesity effect starting from the sixth week until 

the end of the protective experiment. T3s definitely prevent the body weight 

increase caused by the HFD (Kato et al., 2022), when they attributed the 

significant reduction in body weight to reduce the buildup of fat in 

tocotrienol feeding group comparison to the high-fat diet-treated rats group.  
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       The effect of Tocotrienol supplement absent when drainage for rats 

induced obesity and    the weights of animals in the obesity and tocotrienol 

group increased significantly compared to the control group, despite the use 

of a low-fat diet for all groups (table 4-2). these may be attributed to the 

increased food intake for these two groups compared with control as 

indicated in the table (4-6).  The result above agreed with previous study 

indicated that the use of tocotrienol-rich fractions TRF for 8 weeks in obese 

rats did not lead to a significant decrease in weight after the treatments for a 

period experiment (Mesri Alamdari et al., 2020). 

Weight increase in comparison to the control group is commonly used to 

evaluate the effectiveness of an HFD intervention (Pinheiro-Castro et al., 

2019). Obesity was defined as weight growth accompanied by increased 

adipose tissue mass due to increased fat cell number and size. Adipose tissue 

is a dynamic organ that regulates energy balance and mass in response to the 

needs of metabolism (Daffalla et al., 2021). Diet-induced obesity (DIO) 

models in rodents have demonstrated that continuous consumption of 

obesogenic diets results in body weight gain and adipose tissue buildup, 

which leads to metabolic changes (Sáinz et al., 2015), According to our 

findings, rats fed a high-fat diet showed higher weight growth compared to 

control the rats. and that agreed with some study (Othman et al., 2019; 

Ayman et al., 2019;Madkhali, 2020), and  used of tocotrienol reduced the 

body weight and this result agreed with the results of the Zhao study and his 

colleagues that indicated supplementing of HFD with 0.05% T3 for 4 weeks 

reduced the obesity caused by the HF diet in young C57BL/6 J mice (Zhao 

et al., 2015a). While the results of the current study were in  disagreement 

with result of Wong and his colleagues who fed Wistar rats on HFD for 8 

weeks 120 mg/kg/day of TRF and observed  no effect on their body weight 

gain (Wong et al., 2012 b).  

      When energy expenditure was examined throughout the dark (the 

rodents' active phase) and light (the lower activity phase) cycles, it was 
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observed that overweight animals had a lower active metabolic rate 

compared to the control group. Obese mice also had lower resting energy 

expenditure during the light and dark cycles, indicating a diminished aptitude 

for muscle oxidative phosphorylation (Olsen et al., 2017). Another study 

found that diets rich in dietary fat (HFD) spend less energy than diets low in 

dietary fat (Blaak & Saris, 1996). This could explain the observed increases 

in body weight, weight gain and fat mass in the HFD intervention groups, 

despite calorie intake comparable to the control group. 

       The use of tocotrienols led to a significant decrease in the body weights 

of animals in the protective experiment, but still the weight gain resembles 

animal fed HFD. These may be due to a decrease in the accumulation of 

visceral fat in the tocotrienol-treated rats, which was proven by a decrease in 

the adiposity index in the current study (table 4- 7) and was consistent with 

what was demonstrated by Kato and colleagues in their study, which they 

conducted on mice, that indicated the reason for the lower weight in the 

tocotrienol group was due to a lower accumulation of perirenal fat compared 

to the group treated with a high-fat diet (Kato et al., 2022).While  Shen and 

his group also recorded no differences in body weight and weight gain 

between the HFD group and the HFD+TT800 group over the course of the 

14-week study in C57BL/6J mice fed either a high-fat diet (HFD control) or 

HFD supplemented with 800 mg annatto extracted TT/kg (HFD+TT800) 

(Shen et al., 2021).Otherwise, the weight gain therapeutic experiment 

showed non-significant differences among all the studied groups. These 

belong to exchange on diet introduced into rats of the study by removal of 

HFD after inducement of obesity.  

        Although reduce feed intake for the HFD and HFD supplemented with 

tocotrienol compared with control group, but the results appeared non-

significant difference among them (table 4-5). This reduction continued 

during the last weeks of the experiment to record significant decrease for 

HFD and HFD supplemented with tocotrienol.  The Significantly similar 
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values may be an indication of the animals’ palatability of high-fat food and 

the decrease in the last two weeks due to the high energy provided by high-

fat feed compared to low-fat feed despite the decrease in the amount of feed 

consumed referred to in Table (4-5), which subsequently leads to weight gain 

and its subsequent effects. This was in agreement with Díaz-Urbina et 

al.,(2018) study  which showed that a high fat diet can easily lead to excessive 

food consumption, which can finally result in the development of obesity, 

due to the affectation of the homeostatic system. Because fat is the most 

energy-dense component of the diet, at 9 kcal/g, animals require less of an 

HFD meal to be satisfied on a gram basis than the control group. Obesity 

models using HFD therapy often show that animals in the intervention and 

control groups consume the same amount of energy on a daily basis (de 

Oliveira et al., 2014; Masi et al., 2017). If weight intake is not increased at 

least proportionally, this points to high fat diets' high energy density (Hariri 

and Thibault, 2010). In the therapeutic experiment after obesity was induced, 

the results showed a significant increase in quantity of the feed consumed in 

the obese group that was fed a diet low in fat and tocotrienols. This increase 

may be a result of the occurrence of obesity and thus weight gain and an 

increase in the energy required to be obtained from diet, consider the use of 

low-fat diet. 

5.2- Effect of tocotrienols supplement on BMI , Lee index and 

AI in protective and therapeutic experiments. 

         Obesity in rats may be measured in the same way as it is in humans, 

using criteria based on weight gain and increasing body fat composition. 

According to Bastías-Pérez et al. (2020), the human body mass index (BMI) 

has never been established for rats. Most rodent studies quantify DIO 

through the comparison of the body weight of the experimental group to that 

of the untreated group, which is normally fed a low-fat diet (Bastías-Pérez et 

al., 2020). In the current study, all indicators considered to evaluate the 



Chapter Five                                                                                Discussion 

108 
 

development of obesity agreed to a significant increase in the high-fat diet 

group when compared with the control group, and the use of tocotrienols 

improved these indicators compared to the high-fat diet group. Perhaps this 

result indicates the role of tocotrienols as an anti-inflammatory and 

antioxidant agent (Shen et al., 2021), which works to mitigate the damage 

resulting from consumption of high fat content in diet, and this finding agrees 

with Pervez et al.,(2022) study which showed a significant BMI reduction 

after administration of delta -tocotrienol in patients with non-alcoholic fatty 

liver disease. The anthropometric -reducing effects of δT3 may be due to a 

variety of processes, such as modulating lipid metabolism enzymes to 

decrease adipogenesis, inducing apoptosis in pre-adipocytes, and modifying 

energy sensing  (Pang & Chin, 2019). Also, this result disagrees with Li et al. 

who showed in their result that tocotrienol consumption was not associated 

with BMI(Li et al., 2022 a). The Lee index was developed some decades ago 

to identify obesity in rats in a manner comparable to the BMI used to 

diagnose human obesity. The Lee index is calculated as the cube root of the 

body's weight (g) divided by naso-anal length (mm). Lee index values more 

than 310 g were regarded as a sign of obesity in rats (Bastías-Pérez et al., 

2020). The current study showed that tocotrienols reduced the Lee index, and 

this indicates a preventive and improving role in reducing weight and body 

fat. The current results showed a decrease in the obesity index in the groups 

fed a diet supplemented with tocotrienols in the two trials: protection and 

therapeutic. This use of high-fat feeds may generate obesity which leads to 

increase feed consumption, therefore raising body weight and BMI, and 

resulting in a rise in body fat index fat mass. This is in agreement with 

Thamar (2014), Who concluded in their research that the use of high-fat 

feeds leads to increased body mass index and adiposity index. 
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5.3-Effect of tocotrienols supplement on relative weight of liver, 

kidneys and testes of obese induced in male rats as protective 

and therapeutic experiments: 

       The ratio of liver, kidney and testes weight to body weight affected by 

HFD and HFDT (protective groups) compared to the control group (table 4- 

8 ). An increase in liver weight in relation to body weight (hypertrophy) were 

observed in HFD and HFDT groups compared with the control group. 

Otherwise, testes weight recorded less significant values for the HFD and 

HFDT group, while kidney showed non-significant weight among the study 

groups. It could be linked to elevated triglyceride buildup leading to an 

enlarged liver, which could be due to an increased influx of fatty acids into 

the liver. Tocotrienol supplement group reduce the relative weight of the 

liver in the group but statistically showed non-significant difference with 

HFD group. The reduced relative weight of testes in rats fed HFD belong to 

the effect of high fat in feeding on hormones concentration and the studies 

investigated that high fat diet led to modulation in reproductive hormones 

(table 4- 15). In the therapeutic experiment, the relative weight of the liver 

showed a significant decrease in the tocotrienol group compared to the obese 

group, which indicates the therapeutic role of tocotrienol in reducing 

triglyceride levels, and enhancing the hepatic metabolism for the 

accumulated fat thus reducing the relative weight. The positive effects of 

tocotrienols may be due to the antioxidant role generated by free radicals 

(Jayusman et al., 2017) and were consistent with what Zhao and his 

colleagues found (Zhao et al., 2015a). Also, the current study showed a 

decrease in the relative weights of the testes in the experimental groups 

compared to the control, but tocotrienol supplementation cannot repair the 

testes weight when compared with HFD.  This was consistent with the study 

of Zhao et al. who found γT3 treatment considerably reduced the weight of 

the liver but it had little effect on the weights of other tissues (Zhao et al., 
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2015a). It may be due to the difference in the accumulation of tocotrienols in 

different tissues  (Shibata et al., 2012), thus exercising its role as an 

antioxidant.  in the therapeutic experiment; Low kidney weight may be a 

result of the atrophy that cells have suffered as histological change in present 

study as a result of the harmful effects of obesity and tocotrienol enhance the 

tissue of kidney may be by antioxidant role in kidney (Dallner et al., 2021). 

But this result is non-significant when compared with obese group. 

5.4- Effect of tocotrienols supplementation on hematological   

indices in obese induced male rats as protective and therapeutic 

experiments. 

        Obesity is described as an imbalance between energy consumption and 

expenditure. (Tseng et al., 2010). Although an increase in adipocyte mass 

and number is a physical marker of obesity, the aspects of obesity that should 

be considered are adipose tissue malfunction and persistent low-grade 

inflammation (Aigner et al., 2014). These situations have unfavorable 

consequences, such as changes in iron metabolism, the immune system, and 

platelet activity, and they can also influence hematological parameters 

(Purdy & Shatzel, 2021). Obese individuals are more likely than thin 

individuals to develop iron deficiency anemia (Cepeda-lopez et al., 2010). 

Anemia is characterized by a drop in either the total amount of hemoglobin 

or the RBC count(Alia et al., 2019). Iron deficiency is associated with 

inflammatory markers because obesity is characterised by a systemic low-

grade inflammation (Alia et al., 2019). Hepcidin expression in adipose tissue 

is powerfully induced by adipose-derived cytokines like IL-6 and IL-1.2 This 

elevation may reduce the amount of iron absorbed and reduce the efficiency 

of iron fortification (Ausk & Ioannou, 2008; Cepeda-lopez et al., 2010). The 

obtained result revealed that the examination of RBC-related parameters, 

such as RBC count, hematocrit (HCT), mean corpuscular volume (MCV), 

mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin 
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concentration (MCHC) showed non-significant difference in comparison to 

the control group. This could be attributed to changes in hematological 

parameters caused by a high fat diet, which may necessitate more prolonged 

exposure. These results were identical to the results of  Shawky, who used 

high fat diet for 6 weeks (Shawky, 2015), despite the difference in the 

components of the diet, the percentage of fat used and, type of fat and 

duration of exposure. These results were inconsistent with the results of Alia 

et al., (2019) who found that a subchronic high fat diet in mice may reduce 

the amount of RBC in the high fat diet group compared with the normal 

control group obesity in individuals is linked to an increase in blood cell 

count, which could increase blood viscosity (Dixon & O'Brien, 2006; 

Guiraudou et al., 2013). Also, obese mice (since, after  a six-month high-fat 

diet) showed greater red blood cell and white blood cell levels, as well as an 

increase in packed cell volume PCV (Maysami et al., 2015).  

       In this study the slight significant decrease in the red blood cell with 

high fat diet in addition to tocotrienols., did not indicate the presence of 

anemia especially with the significant increase in the MCH value. This was 

consistent with the results of Tasaki et al., 2008). On the other hand, using 

tocotrienols with high-fat food reduces the number of red blood cells count 

and MCH, which in turn means improving the health condition resulting 

from reducing the viscosity that may arise from excessive formation of red 

blood cells. According to the RBC analysis, the concentrations of HB and 

PCV in the obese group were lower than in the control group in therapeutic 

experiment these situations may represent the nature of obesity as a low-

grade inflammation that leads to iron deficiency anaemia(Ausk & Ioannou, 

2008;Cepeda-lopez et al., 2010)  

       When compared to the control group, the number of WBCs increased in 

the HFD obese inducement group. This rise in WBC in the treatment groups 

could be due to an inflammatory response in the bone marrow (Suzana et al., 
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2017). The amount of neutrophil was tended to increase in HFD group as 

compared with other groups. Tocotrienol  tended to improve this condition 

in our experiment, and the role played by tocotrienols may be due to its 

properties as an antioxidant agent (Uzunhisarcikli & Kalender, 2011). 

Previous research has shown that providing high-fat diets to specific animals 

can greatly increase the amount of WBC, lymphocyte subsets as well as 

increasing blood viscosity (Herńandez et al., 2002; Hernández et al., 2004; 

Busnelli et al., 2013). Due to insufficient iron intake, chronic blood loss, or 

a combination of the two, iron deficiency anemia—which cannot produce 

enough iron to form normal RBC—is a condition that is well-known 

(Johnson Wimbley & Graham, 2011). Dilutional hypoferremia, insufficient 

dietary iron intake, elevated iron requirements, and/or impaired iron 

absorption can all contribute to iron deficiency anemia in overweight/obesity 

patients (Cepeda-lopez et al., 2010).  

      Mature adipocytes and stromal vascular fraction, which includes 

macrophages, make up adipose tissue. Adipose tissue macrophages (ATMs) 

are the name for the macrophages that live in adipose tissue (Heilbronn & 

Campbell, 2008; Patel et al., 2013). ATMs exhibit the anti-inflammatory 

macrophage (M2) in lean phenotype. The phenotype of macrophages 

changes in obesity from M2 to M1, a traditional pro-inflammatory 

macrophage (Patel et al., 2013; Exley et al., 2014). Numerous studies show 

a link between increased ATM accumulation and obesity-related illnesses 

like type 2 diabetes, cardiovascular disease, and fatty liver (Patel et al., 

2013). Obesity affects the lymphoid tissues, the population and distribution 

of pro-inflammatory leucocytes, as well as the quantity of WBC, 

lymphocytes, neutrophils, and monocytes (De Heredia et al., 2012; Andersen 

et al., 2016). When inflammation and leucocyte activation occurred, the 

WBC count rose (Andersen et al., 2016).  
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       We further performed hematology analysis on a lymphocyte, monocyte, 

and granulocyte percentage table (4-9). The amount of neutrophil tended to 

increase in obese group as compared with all treatment groups. These results 

were consistent with the results of Alia et al. who found sub-chronic high fat 

diet might alter the hematological parameters in mice (Alia et al., 2019). The 

slight increase of monocyte and granulocyte in the obese  group showed that 

there was an acute inflammation occurred and tocotrienol  tended to improve 

this condition in protective and therapeutic experiments. The improvement 

shown by tocotrienols may be  due to the properties of  tocotrienols as 

antioxidants and resistance to free radical formation(Jayusman et al., 2017).  

5.5-Effect of tocotrienols supplement on liver enzymes and 

kidney functions in protective and therapeutic experiments  

         Liver enzymes such as ALT, AST, and ALP are primarily measured to 

assess liver damage (Ozer et al., 2008). The levels of AST and ALP in serum 

of the obese group were considerably raised during the trial, while there was 

no significant rise in ALT compared to the control group. Elevation of 

enzymes activities indicated   necrosis of kidneys, skeletal muscles and liver 

can all contribute to an increase in ALT and AST levels (Lording & Friend, 

1991). These liver enzyme readings may have increased, which might be a 

sign of liver injury or impairment (Welch et al., 2013). Obesity and liver 

disease brought on by underlying cellular death are frequently linked 

(Fernandez et al., 2012). These results are in agreement with the results 

reported by Marques et al., (2015) and Daffalla et al.,(2021) in rats fed with 

high fat diet . Liver of obese rats' were characterized by hepatic steatosis, 

which included fat accumulation in hepatocytes (Sinha-Hikim et al., 2017). 

Earlier research found that atherogenic diet-induced hepatic TG 

accumulation caused transaminase leakage such as ALT, ALP, and AST 

(Kameshwaran, 2011). Endoplasmic reticular, stress-mediated apoptosis, a 
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significant feature of liver damage, is one of the probable pathways for liver 

damage caused by a high-fat diet (Feng et al., 2003). 

        A diet high in calories causes lipid buildup, excessive production of 

inflammatory cytokines, and macrophage infiltration, all of which promote 

the progression of liver disease (Wei et al., 2007). Additionally, eating an 

HFD resulted in a marked increase in the liver enzymes AST, ALT, and ALP, 

as well as a significant decrease in the level of total protein (Uthandi and 

Ramasamy, 2011). 

     Tocotrienol supplementation may prevent liver damage caused by a high-

fat diet by improving plasma AST and ALP activity in protective 

experiments. This was confirmed by the noticeable improvement in the 

tissues of rats treated with tocotrienol in the current study. In the therapeutic 

experiment, Tocotrienol supplementation was found to be effective in 

treating liver damage induced by a high fat diet, as evidenced by a significant 

drop in plasma ALP levels. Tocotrienol reduced ALT and AST levels in the 

treatment group, but statistically insignificant.  

        The alteration in the equilibrium between ROS and antioxidant levels 

has been linked to oxidative damage. As a result, tocotrienol's antioxidant 

activity may play an important role in preventing damage to cells (Jayusman 

et al., 2014). 

It is believed that the hepatoprotective effect results from their antioxidant 

activity. As part of total antioxidant systems, non-enzymatic antioxidants 

such as vitamin E and C might relieve damage caused by oxidation 

(Uzunhisarcikli and Kalender, 2011). vitamin E has the ability to intercalate 

into cell membranes and scavenge chain-propagating peroxyl radicals due to 

strong lipid solubility. TRF from palm oil has been found as a good 

antioxidant capable of suppressing ROS production more effectively 

(Mutalib et al., 2003). Their uniform distribution in the lipid bilayer, 
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effective interaction of the chromanol ring with lipid radicals, and higher 

recycling efficiency from chromanoxyl radicals, all contribute to their 

greater antioxidant properties (Watson and Preedy, 2009). As a result, the 

administration of tocotrienol improved the majority of the biochemical 

indices in the current investigation. 

       The results of this study were consistent with some animal studies, like 

the study by Wong et al. (2012 b), when they found that T3 could enhance 

liver function by lowering AST and ALT levels in plasma brought on by a 

high-fat diet. Similar findings were made after it was discovered that 

supplementing with 400 mg of T3 daily could stop the advancement of end-

stage liver disorders (Patel et al., 2012). While studying Ima-Nirwana et al. 

(2011), they concluded that T3 treatment at dosages of 200 mg/kg, 500 

mg/kg, and 1000 mg/kg caused no hepatotoxicity in mice after fourteen and 

forty-two days of tocotrienol administration, respectively. Nesaretnam et al. 

(2010) conducted a human experiment that also demonstrated that 

tocotrienol treatment at 200 mg/day did not significantly alter the liver 

function profile. Lin and his colleagues found no significant changes in the 

enzymes ALP, AST, and ALT, as well as GGT concentrations, following the 

tocotrienol supplement (Lin et al., 2016). This indicates that tocotrienols 

either improve liver enzymes or no change occurs, indicating that 

tocotrienols are not toxic when consumed within the recommended doses.  

      On the other hand, elevated blood urea levels may be related to kidney 

illnesses such as glomerulonephritis, urinary tract blockage, and excessive 

protein catabolism, which can lead to severe toxic and febrile situations 

(Anosa, 1988). An appropriate explanation for the raised urea levels is 

increased protein catabolism and quicker amino acid the deamination during 

gluconeogenesis (Bishop, 2020). This suggests that tocotrienols were not 

protective against the potential harm caused by a high-fat diet.   
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5.6- Effect of tocotrienols supplement on total proteins, 

albumin, globulin, and C-reactive protein levels in protective 

and therapeutic experiments 

        Metabolic the variables such as total protein, albumin, globulin, and 

albumin to globulin ratio are frequently associated with liver functionality, 

including organic anion transport, endogenous and exogenous substance 

clearance from blood circulation, and hepatic synthetic function (Khalili et 

al., 2011). Reduced blood albumin levels might suggest liver impairment 

(Fabry and Narasimhan, 2006). The current study found an increase in total 

protein levels in the high fat diet group compared to the control group. This 

rise was caused by an increase in globulin levels, which resulted in an 

increase in total protein. But the reduction in total protein level in protective 

group accompanied by reduced in globulin level when compared to the 

control group, which indicates a mitigation of the effects of high-fat diet. 

These findings were in agreement  with the findings of Ghasi and colleagues, 

who discovered that eating high-fat foods increased total protein while also 

decreasing albumin levels (Ghasi et al., 2000). Gabuza et al., (2020) 

expected that the production of proteins will increase with the increase in the 

consumption of fats and the increase in their levels in the body, as a result of 

the different biological functions of proteins that are included as a signal of 

satiety and control food intake and body weight, in addition to their 

participation in the transport of fats the current study's high level of total 

protein for the high-fat diet group to develop obesity contradicted Shawky's 

study, which found blood protein levels were lowered in rats given HFD 

(Shawky, 2015). The explanation for the drop was linked to protein depletion 

caused by localized injury in the endoplasmic reticulum or the hazard impact 

of energy released during HFD metabolism (Uthandi and Ramasamy, 2011). 

       According to a study, the incidence of hypertension is positively 

correlated with parameters like body weight, heart rate, alcohol intake, 
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carbohydrate dysmetabolism, hematocrit, and hemoglobin as well as serum 

total proteins and total triglycerides ,therefore   in overweight and obese 

individuals, a rise in serum proteins would be a factor in the development of 

prehypertension and hypertension (Madhuvanthi & Lathadevi, 2016) . 

Marques et al. (2016) reported that serum albumin levels decreased after HF 

meals, indicating that albumin, a negative acute phase protein, may be 

lowered in inflammatory situations such as obesity. It was inconsistent with 

the current study. Perhaps because our study was a long-term study that 

lasted 8 and 12 weeks in protective and therapeutic studies, respectively. The 

use of tocotrienols in our current study resulted in a decrease in total protein 

levels, which contradicted the findings of Lin et al. (2016), who found no 

significant difference between TRF and placebo interventions on total 

protein, albumin, globulin, total bilirubin levels, and the albumin-to-globulin 

ratios.  

        In the therapeutic experiment, the increase was significant only in 

albumin, and tocotrienols led to an improvement in its levels compared with 

the control. This was compatible with the Jayusman et al. study whom noted 

that tocotrienol rich fraction supplementation significantly decreased the 

level of total protein compared as  fenitrothion-treated rats group (Jayusman 

et al., 2014). 

     CRP is a sensitive acute-phase measure for tissue injury, infection, and 

systemic inflammation (Pepys & Hirschfield,2003; Musialik et al., 2017). 

Individuals with dual symptoms of insulin resistance, overt T2D  (Greenfield 

et al.,2004) overweight, obesity (Pepys & Hirschfield,2003) and metabolic 

syndrome (Musialik et al., 2017) frequently have elevated CRP levels. 

Although the physiological processes underlying the relationship between 

increased CRP and various illnesses are still unclear, it is thought that 

adipose tissue plays a role in mediating it (Zhao et al., 2008). Unfortunately, 

CRP cannot be used to identify illness alone since it is part of the nonspecific 
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acute-phase response to many disorders (Pradhan et al. 2001). The current 

study found that CRP levels were higher in the obese group than in the 

control group, and that tocotrienols reduced CRP levels, however this did not 

appear statistically significant compared to the obesity group. 

5.7-Effect of tocotrienols supplement on glucose and insulin 

hormone in protective and therapeutic experiments  

      The supplementation of tocotrienol in the protective group of the present 

study reduced the harmful effect of a high-fat diet on glucose levels, although 

it was still non-significant in the high-fat diet group table (4-12). On the other 

hand, the use of tocotrienol enhance insulin concentration compared to the 

HFD group table (4-14). This result is in agreement with study of Patel et al. 

(2011) who showed that tocotrienols enhanced metabolic functions such as 

insulin sensitivity and glucose utilization. 

     As for the therapeutic experiment, the levels of the hormone insulin were 

not significant among the groups, which indicates that the low-fat diet has a 

lesser role in provoking insulin resistance, which was  evident through the 

rise in glucose and insulin hormone levels in the protection experiment under 

the influence of high-fat food  Triacylglycerol (TAG) content is the most 

obvious indicator of a lipid content rise, and it's possible that TAGs simply 

serve as a sign of abnormal muscle glucose metabolism. Also, 

hyperlipidemia causes visceral fat to lipolyze, resulting in an accumulation 

of free fatty acids that inhibit insulin release from pancreatic -cells (El-Atat 

et al., 2004).   

The observed decline in insulin sensitivity is more likely to be caused by the 

buildup of bioactive lipids or lipid intermediates, such as diacylglycerol 

(DAGs), ceramides, acylcarnitines, and/or acyl-CoAs (Adams et al., 2004; 

Itani et al., 2005;  Holland et al., 2007; Bosma et al., 2012). It has been 

demonstrated that increased intracellular DAG levels brought on by fat 
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consumption trigger protein kinase C (PKC) signaling, which then causes 

insulin receptor substrate 1 (IRS-1) to be serine phosphorylated. This inhibits 

the phosphorylation of tyrosine residues on IRS-1, impairing canonical 

phosphatidylinositol-3 kinase/Akt signaling. This also reduces the 

translocation of the glucose transporter GLUT-4, which in turn reduces 

insulin-stimulated glucose uptake (Itani et al., 2005;Erion & Shulman, 

2010).  Leptin resistance and hyperleptinemia are important contributors to 

insulin resistance (El-Atat et al., 2004).  

      The results of the current study imply that consumption of tocotrienol 

significantly suppressed the hyperglycemic and hyperinsulinemia responses 

to HFD in obese rats. These observations are in line with previous studies 

that have reported tocotrienol rich fraction could improve glycemic control 

in poor glycemic conditions (Fang et al., 2010; Qureshi et al., 2011; Zhao et 

al., 2015 ;Allen et al., 2017), although the hypoglycemic effect of tocotrienol 

rich fraction was not observed in some investigation (Stonehouse et al., 

2016). The stimulatory effect of tocotrienol on PPARs activation (Chung et 

al., 2019), GLUT2 expression in pancreatic β cells, and consequently, 

glucose interring into β cells (Chia et al., 2016) are some of the suggested 

mechanisms for insulin resistance improvement by tocotrienol. Also, this 

result may be due to the role of tocotrienol in protecting pancreatic beta cells 

from inflammation in obesity and hyperglycemia (Kim et al., 2018). as well 

as the overexpression of some insulin gene transcription factors, the 

regulation of the insulin signaling pathway, and the enhancement of glucose 

uptake are reported in some other studies (Chia et al., 2016; Lee & Lim, 

2018).  

    Hypertriglyceridemia is another manifestation of insulin resistance(Eckel 

et al., 2010). A glucose tolerance defect caused by insulin's failure to 

enhance glucose uptake and metabolism in insulin-sensitive tissues 

(Davidson et al., 2010; Davidson et al., 2011). This indicates that glucose 
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metabolism and insulin resistance are linked to fat metabolism, which was 

one of the most prominent effects of high-fat diet in the current study. 

5.8-Effect of tocotrienols supplement on lipid profile in 

protective and therapeutic experiments  

         The triglyceride, LDL and VLDL levels increased significantly 

(P<0.05) as prognosis of feeding the animals with formula of high fat diet, 

whereas tocotrienol addition reduced the LDL, triglyceride and elevate HDL 

levels (table 4-13). Previous research has shown that a high fat consumption 

increases the quantity of lipids in the enterocytes (Uchida et al., 2011). They 

relate the reasons of increased fat to changes in the expression of food 

transporters, which might limit intracellular lipid production. While Allen et 

al. (2017) found that mice given HF had more lipid droplets in the liver and 

greater blood triglycerides than other groups. The increased triglyceride 

content in rats given a high-fat diet might be related to reduced triglyceride 

clearance as a result of impaired lipoprotein lipase activity (Nofer et al., 

2002). Furthermore, our results are in agreement with Garcia et al. (2018), 

who observed that rats fed a high-fat diet had no alteration in their levels of 

cholesterol. However, this is in finding disagreement with other studies that 

discovered the content of cholesterol in rats fed a high-fat diet was higher 

than in normal healthy control rats (Kayhan et al., 2014; Amin et al., 2015). 

The difference in impact might have been due to variations in the proportion 

of fat added to the diet and the length of the intervention. 

       One of the diagnostic criteria for the metabolic syndrome is 

hypertriglyceridemia, which arises in rats fed a high-fat diet. Elevated 

circulating triglyceride levels might be produced by the overproduction of 

triglyceride-rich very low-density lipoproteins (VLDL) as a result of 

increased liver-derived free fatty acid flow (induced by an increase in 

adipose tissue mass)  (Eckel et al., 2010). They also identified 
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hypertriglyceridemia as a sign of insulin resistance owing to decrease in 

glucose tolerance, which is connected to insulin's failure to increase glucose 

uptake and utilization by insulin-sensitive tissues. There is evidence relating 

a diet high in fat to a greater amount of droplets of lipid in the liver cells, 

which occur by integrating lipids into bile and creating VLDL, which is 

controlled by the liver  (Onal et al., 2017). The dyslipidemia was 

characterized as elevated plasma triglycerides, low HDL levels, LDL-C, and 

increased VLDL production together with a blockage in their release, 

increasing the risk of hepatic fat buildup, eventually culminating in non-

alcoholic fatty liver disease (NAFLD) (Adams et al., 2017). 

        The present study showed that using of tocotrienols improved 

triglyceride levels when compared to the HFD group. Tocotrienols, which 

are important dietary components, have been proven to change numerous 

metabolic syndrome features, including blood pressure, blood glucose levels, 

and lipid profiles. (Weng-Yew & Brown, 2011). Instead, then treating each 

risk factor separately, which increases the danger of polypharmacy, treating 

the metabolic disorder with tocotrienols may ameliorate its different 

symptoms, such as obesity, insulin resistance, and cardiovascular disease 

(Grundy, 2006 )Tocotrienols influence the expression of genes and proteins 

encoding fatty acid synthase (FASN), carnitine palmitoyltransferase 1 

(CPT1A), and cytochrome P450 3A4 (CYP3A4), lowering TG accumulation 

(Burdeos et al. 2012). A hypothesis that proposes that dietary T3's ability to 

reduce TG synthesis in human hepatoma cells (HepG2) may be the main 

benefit (Zaiden et al., 2010). Allen et al. (2017). found that tocotrienols 

decreased hepatic steatosis and blood triglycerides in δT3-supplemented 

groups compared to the HF group, which is consistent with our findings. 

     Tocotrienols enhance metabolic disorders such as insulin hormone and 

glucose level in the present study; this may result in decreased plasma 

triglycerides and non-esterified fatty acids. Since insulin is a powerful 
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suppressor of circulating non-esterified fatty acid (NEFA) concentrations 

through suppression of hormone-sensitive lipase and up-regulation of 

lipoprotein lipase (Coppack et al., 1992), and the preservation of a consistent 

rate of fatty acid free re-esterification, in addition to improving glucose 

uptake and glycolysis, switching energy production from predominate fat 

oxidation to predominate carbohydrate utilization (Ferrannini et al., 1997).  

      Burdeos et al., ( 2012a) verified the TG-lowering impact of tocotrienol 

in both in vivo and in vitro tests, and the effect of tocotrienol might be 

partially explained by its capacity to down-regulate the hepatic fatty acid 

synthase gene and up-regulate b-oxidation genes.  

      Wong et al., (2012b) indicated that  TRF reduced triglyceride and non-

esterified fatty acids NEFA but not total cholesterol concentrations. In the 

current study, HDL-C levels increased in the obese group, but this increase 

was not significant compared to the control group. This result was consistent 

with those published by Daffalla et al., (2021) and Amin et al., (2015), who 

found that HDL-C concentrations rose in rats fed a high fat diet. However, 

this discovery contradicted the results published by Garcia et al. (2018) and 

Ali et al. (2019), who found that HDL levels were lower in rats on a high fat 

diet.  

 The most obvious sign of dyslipidemia is an increase in TAG in very low-

density lipoproteins (VLDL-Ch), which are the primary transporters of 

endogenous fat synthesized in the liver (Birulina Julia et al., 2020).The role 

of tocotrienols in regulating fat metabolism may be due to increase gene 

expression of carnitine palmitoyltransferase 1 (CPT1A)  involved in fatty 

acid metabolism  and our current study  confirmed that and this result agree 

with  Burdeos et al., (2012), who found that tocotrienol reduces TG 

accumulation via modulating fatty acid synthase (FASN), carnitine 

palmitoyltransferase 1 (CPT1A), and cytochrome P450 3A4 (CYP3A4) gene 

and protein expression.  
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5.9-Effect of tocotrienols supplement on Irisin, Leptin, 

Adiponectin in protective and therapeutic experiments. 

       Adipose tissue secretes polypeptide hormones such as adiponectin and 

leptin, which contribute to the evolution of obesity-related disorders such as 

high blood pressure, cardiovascular disease, and type 2 diabetes (Zahorska, 

2006). Circulating levels of leptin, which is primarily secreted by adipocytes, 

rise in obesity, but its effect on reducing food intake and increasing energy 

consumption at the hypothalamic level (Koch et al., 2014). The current 

investigation found that leptin levels rose in the diet-induced obesity group 

compared to the control group in a protective experiment. This might be 

regarded as an attempt to overcome leptin resistance, which can worsen 

hyperphagia and obesity (Marques et al., 2016). Furthermore, plasma leptin 

concentration increases proportionally with body fat mass (Klein et al., 

1996). despite increased leptin concentration, the efficacy of the anorexic 

effect of leptin is decreased (Farr et al., 2015; Morioka et al., 2016), with 

leptin resistance developing due to a defect in intracellular signaling 

associated with the leptin receptor or decreases in leptin transport across the 

blood–brain barrier (BBB)(Banks, 2012). 

       Leptin resistance can also be developed at the BBB, thereby allowing 

unregulated transport of leptin from the blood to the brain. Brain blood 

vessels express short forms of OBR, which bind leptin and transport it from 

blood to the interstitial tissue of the brain and into the cerebrospinal fluid 

(Tartaglia, 1995; Chumakova et al.,2015). At serum leptin levels above the 

range of 25–30 ng/mL, the concentration of leptin in brain tissues and 

cerebrospinal fluid does not increase (Holtkamp et al., 2004). This 

phenomenon likely plays a role in the development of leptin resistance and 

obesity, where excessive levels of leptin in the blood result in decreased BBB 

permeability (Mantzoros, 1999). In the spinal fluid of obese individuals, 
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decreased leptin concentrations were observed under these conditions 

(Philbrick et al.,2017).  

However, obese patients have a high amount of circulating leptin due to 

leptin resistance (Guerre-Millo, 2003). Leptin influences brain development, 

immunological function, reproduction, bone density, hemodynamics, 

respiratory function, sympathetic nerve activity, and insulin levels in the 

liver (Hekimoğlu, 2006). It contains receptors in both peripheral tissues and 

the brain.  

These findings contradicted the Rocha-Rodrigues et al. (2018), which found 

that HFD 71 Kcal% fat for 17 weeks raised epididymal adipose tissue eWAT 

leptin levels but had no effect on plasma leptin.  

          At the end of the trial, animals fed a high-fat diet exhibited greater 

adiponectin plasma levels. This is in agreement with other studies that show 

an increase in Adiponectin plasma levels in rats after twenty-four and thirty-

two weeks of HF diet supplement (Davidson et al., 2010, 2011). Adiponectin 

is known for its insulin sensitizing action; however, obesity has been linked 

to a dysfunction in adiponectin signaling (adiponectin resistance) (Scheid & 

Sweeney, 2014). Adiponectin concentrations are low in obese patients and 

markedly increase after prolonged caloric restriction, such as in dieting and 

anorexia nervosa (Delporte et al., 2003), and are significantly lower (P < 

0.001) in obese subjects when compared with nonobese males and females 

(Arita et al., 1999). Adiponectin is more closely associated with visceral fat 

than with subcutaneous fat (Cnop et al.,2003) and is lower in type 2 diabetes, 

cardiovascular disease, hypertension, and metabolic syndrome (Arita et al., 

1999; Bluher et al., 2004; Li et al., 2009), conditions that are often associated 

with insulin resistance. A recent meta-analysis of prospective studies with a 

total of 14,598 subjects and 2623 cases of type 2 diabetes indicated that 

higher adiponectin concentrations were associated with a lower risk of type 

2 diabetes. The estimated absolute risk difference (cases/1000 person-
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years)/1-log μg/mL increment in adiponectin concentrations was 3.9 for 

elderly Americans and 30.8 for Americans with impaired glucose tolerance 

(Li et al., 2009). Furthermore, adiponectin is positively correlated with HDL 

cholesterol and negatively associated with serum triglycerides and 

apolipoprotein B-100 (Schulze et al., 2005). Adiponectin shows anti-

inflammatory effects by enhancing nitric oxide production and activating 

endothelial nitric oxide synthase (Chen et al., 2003) and may act as a 

modulator of vascular remodeling by suppressing smooth muscle cell 

migration (Arita et al., 2002), which possibly plays a role in the regulation 

of atherosclerosis. 

         The current study also showed that the use of tocotrienols decreased 

the blood levels of leptin and adiponectin, but the reduction was not 

significant in compared to the diet-induced obese group, and this was 

consistent with what Kok-Yong found, which showed that oral 

administration of annatto tocotrienol AnTT at 60 or 100 mg/kg (n = 8/group) 

after treatment for 12 weeks, with buserelin, AnTT does not affect 

adiponectin and leptin levels in male rats (Kok-Yong, 2019). While a 

previous study showed that Leptin protein content was significantly reduced 

by delta tocotrienol in the T400 group but not the T1600 group When 

compared to mice fed a high fat diet, there were no variations in blood levels 

of the anti-inflammatory adipokine adiponectin across the groups (Allen et 

al., 2017).Furthermore, T3 supplementation ( six hundred mg/day) for six 

months significantly reduced liver enzymes, inflammatory markers, 

oxidative stress, leptin, FLI, and hepatic steatosis compared to placebo 

(Pervez et al., 2020). The variation in impact of tocotrienols might be 

attributed to the varying length of the intervention.  

     The results of our current study showed that the level of the hormone 

irisin increased in the obesity-inducing group by high-fat diet, compared 

with the control group. Irisin was initially identified as a protective factor 
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against diet-induced weight gain; however, several studies have examined 

the relationship of circulating irisin with Obesity in humans, implying a role 

mediated by Irisin is involved in the browning of white adipose tissue (WAT) 

and increasing energy consumption(Rasheed et al., 2022). Adipocyte 

browning increases energy expenditure in subcutaneous adipose tissue by 

increasing uncoupling protein 1 gene expression (Boström et al., 2012). The 

high level of irisin may be due to the high body mass index, serum 

triglycerides, and liver enzymes. The results of the current study agreed with 

what was demonstrated by Rizk et al. when showed that serum irisin level 

increased in patients with metabolic syndrome especially those with elevated 

liver enzymes and had a positive correlation with parameters of lipid 

metabolism and glucose homeostasis with the possibility of hepatic 

clearance to irisin(Rizk et al., 2016). A previous study indicated that  Weight 

loss lowers irisin levels, which return after regaining the lost weight (Polyzos 

et al., 2018). 

      Irisin levels have been shown to correlate positively with leptin and 

negatively with adiponectin (Palacios-Gonzalez et al.,2015; Nigro et al., 

2017). There is a direct interaction between leptin and irisin, thought to be 

unlikely, because leptin administration in humans have no effect on 

circulating irisin ( Gavrieli et al., 2016). 

      Obesity raises irisin levels the higher fat mass and, presumably, the 

higher concentration of adipose tissue derived irisin may explain this 

increase. It could be a counterbalancing mechanism to increase energy 

expenditure and improve insulin sensitivity, but more research is needed. It 

may also indicate irisin resistance, similar to insulin and leptin resistance 

seen in obesity and T2DM ( Polyzos et al., 2013). The current study showed 

that the use of a tocotrienol supplement with a high-fat diet led to a decrease 

in the level of the hormone irisin, but did not reach a significant difference 

compared with the HFD group. But it became non-significant different When 
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compared with the control group. This result consists of Irandoost et al. 

(2020). When combining RJ and a tocotrienol-rich fraction with HFD, irisin 

concentration was found to be markedly elevated in the RJ and RJ plus TRF 

groups compared to HFD, but not in the TRF group. Which may indicate that 

the improving role of tocotrienols follows mechanisms that are independent 

of irisin. 

5.10 Effect of tocotrienols supplement on some sex hormones in 

protective and therapeutic experiments. 

       Obesity is thought to be emerging as a significant contributor to adverse 

health outcomes, including male infertility, as sedentary lifestyles and 

dietary changes become more common (Fernandez et al., 2011). 

      Obesity can affect seminal parameters as well as other aspects of male 

fertility (Kahn & Brannigan, 2017). Additionally, it has been shown that 

having a higher BMI is linked to poorer sperm quality, such as decreased 

sperm concentration, abnormal sperm morphology, and decreased sperm 

motility (Yardimci et al., 2022). The luteinizing hormone (LH), which is 

produced by the anterior pituitary gland, plays a crucial role in the  regulation 

of the gonads. In males, LH stimulates the Leydig cells in the testes to 

produce and release testosterone, which is a key hormone involved in the 

development and maintenance of male reproductive tissues and the 

regulation of secondary sexual characteristics  (Hall & Hall, 2020)  . This 

process is known as the hypothalamic-pituitary-gonadal axis, which is 

essential for the regulation of reproductive function. 

      In this study, an obesity model induced by a high-fat diet was used. 

Regarding the effects of HFD-induced obesity on levels of reproductive 

hormones in male rats, serum  LH significantly decreased in HFD and   HFDT 

groups compare with control group and no significant  changes in the serum 

testosterone and FSH levels were observed between different groups, 
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although reduce  they value in in HFD and   HFDT groups but these change 

non-significant. the impact of obesity on the LH hormone may be resulted 

from several mechanisms, including increased estrogen production in excess 

fat (Bhardwaj et al., 2019) , which can affect the balance of sex hormones in 

the body. In addition, obesity-related inflammation can affect the hormonal 

system (Goldsammler et al., 2018)  and reduce the secretion of LH 

hormone.   tocotrienols are an antioxidant that may benefit the reproductive 

system, but its effects on FSH and LH levels are not well-documented. A 

study on female mice found that δ-tocotrienol supplementation increased 

FSH and LH levels, suggesting a potential for improved hormonal regulation 

in females (Mohamad Na’im et al., 2023). The use of tocotrienol led to an 

increase in LH hormone levels in this study, but it did not reach statistical 

significance compared to the high-fat diet group. In this study there were not 

statistically significant difference in levels of testosterone hormone between 

the HFD and control groups. The results of the current study were consistent 

with the results (Shawky, 2015), which found that male rats fed a high-fat 

diet for 6 weeks showed no significant difference in serum testosterone 

levels between HFD animals and control animals, while there was a 

significant increase in MDA levels and a significant decrease in SOD in the 

HFD group in comparison with the control. The current study disagrees with 

Vigueras-Villaseor et al. (2011), who found that Sprague-Dawley rats fed 

HFD from weaning to 90 days had lower testosterone levels. Also disagreed 

Bakos et al. (2010), who found male mice fed HFD (for 9 weeks) had lower 

testosterone levels were higher than those in the control group. 

5.11 Effect of tocotrienols supplement on seminal analysis and 

reproductive efficiency in protective and therapeutic 

experiments. 

      Obesity is a public health issue due to its rising global prevalence. 

Obesity has a negative impact on reproduction, which is one of the health 
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consequences. Some studies have found a link between obesity and 

infertility, but it is still debatable (Barbagallo et al., 2021). 

          According to Du Plessis et al. (2010), obesity is an important risk 

factor for male infertility. Tortoriello et al. (2004) discovered no reduction 

in the male mice's fertility after feeding them HFD. The result of the current 

study revealed that sperm account and motility recorded a severe and 

significant reduction in their values for rats induced obesity. This was 

consistent with studies by Ghanayem et al. (2010) and Bakos et al. (2010), 

which found that mice given HFD had worse sperm motility, fertilization 

rate, and pregnancy rate. This effect may result from increased sperm DNA 

damage and intracellular reactive oxygen species (Ghanayem et al., 2010). 

Obesity can cause oxidative stress and increase testicular oxidative stress 

(Shawky, 2015). And this result may be due to a high-fat diet and elevated 

testicular malondialdehyde (MDA) levels (Galaly et al. 2014).  Tocotrienol 

supplement introduced its ability to improve motility and account for sperm 

values, whether in protective or therapeutic experiments. Although there was 

a significant difference between protective and therapeutic experiments, it 

still appeared to have significantly lower values of sperm motility and 

account than the control group. The ameliorative effect of the administration 

of vitamin E protects against testicular oxidative stress and injuries (Al-

Attar, 2011).In this study dead and abnormal sperms in table (4-16) 

investigated the deleterious effect of obesity on sperm viability, by recorded 

high significant percent for dead and abnormal sperms when compared with 

all studied groups, and this finding agreed with  ( Alzubaidi & Al Diwan, 

2013), who found that the high diet cholesterol rats group have reduced 

sperm concentration ,sperm motility, dead sperm , and abnormal sperm 

compared with control values. While tocotrienol supplement ameliorated the 

deleterious effect of obesity in protective and therapeutic dose and appeared 

significantly less than control group. This finding agreed with  Jegede et al. 
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(2015) , who found that Red Palm Oil RPO has a potential to attenuate the 

toxic effect of lead on testicular cells preventing possible resultant male 

infertility. Also, this result was consistent with a previous study examining 

the effects of vitamin E who showed that vitamin E is able to compensate the 

toxic effects of p-NP on testis weight, sperm number, sperm motility and 

estrogen level, and  increases sperm viability in developing rat(Moumeni et 

al., 2009).  In our study pregnancy rate and number of births reduced in HFD 

group compared with another group. This result is in agreement with 

Ghanayem et al. (2010) and Bakos et al. (2010), which found that mice given 

HFD had low fertilization rate, and pregnancy rate. The improving role of 

tocotrienols was reflected in the results of female reproductive capabilities 

and led to a significant increase in the pregnancy rate and number of births. 

5.12 Effect of tocotrienols on histopathological effects of obesity  

      The liver plays important roles in detoxification, metabolism, and storage 

(Hsu et al., 2024). The histopathological examination of liver in rats fed high 

fat diet- induced obese   for 12 weeks suffered from pathological lesions such 

as severe peri central vein vacuolation of hepatocytes (figure 4-2) and this 

result agreements with Thamer (2014), who indicated that feeding rats with 

a high-fat diet leads to histological liver changes characterized by the 

accumulation of fat droplets within the cytoplasm of parenchyma cells, along 

with inflammation and an increase in the number of Kupffer cells. These 

results may to increased saturated fatty acids in the liver Also, Stimuli can 

cause inflammation and collagen deposition in the liver, impairing liver 

function and raising the risk of damage and disease(Hsu et al., 2024). Also, 

it  reflect liver  excessive release of lipid from hepatocytes that had 

chemotactic activity for interleukin-8 which promoting tissue inflammation  

(Thamer, 2014). This was confirmed by the results of the current study, 

which included increased gene expression of the IL-1β gene  that associated 

with inflammation. In present study the histopathological examination of 
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rats’ liver that fed high fat diet and supplemented with tocotrienol for 12 

weeks showed hepatic changes less than rats fed high fat diet alone such as 

early regenerated hepatocytes and normal sinusoids. This may indicate that 

tocotrienol has potent anti-inflammatory and antioxidant properties and may 

reduce liver injury. This result agreement with study of Allen et al. (2017), 

who found that tocotrienol supplementation improved liver histology by 

reducing liver damage and inflammation resulted from increased markers of 

fatty acid oxidation and reduced markers of fatty acid synthesis in adipose 

tissue and liver.  This result may be because the unsaturated side chain of 

tocotrienol allows for more efficient penetration into the tissues with 

saturated fat layers, such as liver (Ahsan et al., 2014). In a study, δ-

tocotrienol is the most potent isoform of vitamin E (Vasanthi et al., 2012). 

Tocotrienol supplementation could prevent liver damage caused by a high-

fat diet, according to the current research. It is probable that their antioxidant 

activity is responsible for their hepatoprotective impact. Non-enzymatic 

antioxidants such as vitamins C and E, as part of total antioxidant systems, 

may help to reduce oxidative damage (Uzunhisarcikli & Kalender, 2011). 

This was confirmed by the noticeable improvement in the tissues of rats 

treated with tocotrienol in the current study Which indicates that tocotrienols 

did reduce damage but not prevent it, that may arise from intake of high diet 

in fat. Our study agreed with  Nakamura et al. ,s study that  reported slight 

hepatocyte hypertrophy in male rats treated with tocotrienols at doses above 

0.75% for 13 weeks it is part of a study of tocotrienol on rats at high 

doses(Nakamura et al., 2001). Obesity is a complex health problem that can 

lead to a number of health problems, including kidney disease (Wickman & 

Kramer, 2013). According to the National Kidney Foundation, being 

overweight or obese increases the risk of developing type 2 diabetes and high 

blood pressure, the two leading causes of kidney disease  (Wickman & 

Kramer, 2013). Excess fatty tissue releases inflammatory molecules that can 

damage sensitive kidney structures and accelerate the progression of kidney 



Chapter Five                                                                                Discussion 

132 
 

disease (Khor et al., 2021). Obesity has a hemodynamic influence on the 

kidneys, causing glomerular hyperfiltration and microalbuminuria. It was 

demonstrated that dogs with obesity generated by a high fat diet had a 30% 

increase in glomerular filtration rate five weeks after the induction process, 

as well as amplification of Bowman's capsule and a rise in mesangial matrix 

after nine weeks (Henegar et al., 2001). Alteration in lipoprotein synthesis 

and the level of cholesterol in the blood have also been associated to poor 

renal function (Garcia et al., 2018). Furthermore, excessive cholesterol and 

obesity have been associated to glomerular shape alterations in the late stages 

of kidney disease (Sasatomi et al., 2001).Furthermore, obesity often 

accompanies conditions such as diabetes and high blood pressure, which 

increases risks to kidney health (Yim & Yoo, 2021). Our current study 

showed some effects on the kidneys caused by high-fat diet, including: 

moderate atrophy of glomeruli and dilation of renal tubules as in the figure 

(4-7) and used of tocotrienol led to normal glomeruli and mild dilation of 

renal tubules. Our findings are consistent with the findings of the Gupta and 

Chopra studies, which found that pretreatment with tocotrienol (50 

mg/kg/day) for 7 days before Fe-NTA administration in rats protects the 

kidneys from ferric nitrilotriacetate (Fe-NTA) toxicity, a well-established 

nephrotoxic agent, by significantly lowering serum creatinine and BUN 

levels, reducing lipid peroxidation, and restoring kidney tissue histology 

(Gupta & Chopra, 2009). Also, this result agreements with Siddiqui et al. 

(2010), who showed that administration of tocotrienol rich fraction (TRF) 

from palm oil and rice bran oil for 8 weeks improved structural abnormalities 

were seen in the glomerulus and tubules of diabetic rats, indicating an 

effective protection offered by TRF in diabetic rats and they suggest that 

tocotrienols rols by the virtue of their hypoglycemic activity, thus preventing 

hyperglycemia induced glomerular matrix accumulation. Therefore, 

tocotrienol has a positive effect on kidney tissue histology and can be used 

to prevent kidney damage caused by nephrotoxic agents. It may be due to the 
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accumulation of tocotrienols within the kidney tissue and role as antioxidant, 

as indicated by   previous report  (Shibata et al., 2012), who indicated   that the 

tissue distribution of T3 depends on the affinity of T3 to vitamin E-binding 

proteins as well as the cytochrome P450 expression level in organ.  

Histological micrograph of kidney of obese  group moderate atrophy of 

glomeruli  and dilation of renal tubules as shown in Figure (4-9) and used 

tocotrienol in therapeutic group led to atrophy of glomeruli and dilation of 

renal tubules . Current ideas on the mechanism of action of tocotrienol on 

the kidneys focus mostly on oxidative and inflammatory stress, however this 

may not be the complete picture. This was corroborated by a pilot research, 

which indicated that while renal function improved significantly after three 

months of supplementation, there was no association between renal function 

and oxidative or inflammatory stress indicators ( Tan et al., 2018; Tan et al., 

2019). In the current study, the high fat diet and obese groups suffered from 

suppression of spermatogenesis and vacuolation of seminiferous tubules as 

a result of the harmful effects of obesity resulting from increased the amount 

of oxidative stress in the reproductive system, which is stress brought on by 

an increase in the number of molecules containing free oxygen as well as 

Malondialdehyde (MDA) concentrations in testes were elevated by a high-

fat diet (Galaly et al., 2014). In our study, the histological micrograph of the 

testis of the HFDT (protective) group showed normal spermatogenesis, and 

the use of tocotrienols as therapeutic agents has led to mild suppression of 

spermatogenesis and vacuolation of seminiferous tubules, which indicates 

the protective and therapeutic roles that tocotrienols play against the damage 

caused by a high-fat diet. This was consistent with Taib and his colleagues, 

which showed that palm oil tocotrienol-rich fraction (TRF) has potential to 

reduce oxidative stress under various pathological conditions, such as 

exposure to organophosphates (fenitrothion), which it have been reported to 

cause testicular oxidative damage (Taib et al., 2015). This result may by 

potent antioxidant ability of tocotrienol, thus protecting against 
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histopathological alterations. Also, TRF can potentially reduce the 

expression of Heat shock protein 70 HSP70, thereby reducing apoptotic 

damage to germ cells, increasing testicular function, and attenuating 

morphological changes in FNT-treated rats (Taib et al., 2015).  

5.13 Effect of tocotrienol supplement on gene expression 

         In the present study we examined the effect of annatto tocotrienol on 

Expression of genes for enzymes that regulate lipid metabolism carnitine 

palmitoyl transferase 1CPT1 and factor related to ES stress and inflammation 

Interleukin-1beta IL-1β. our result showed that tocotrienol increased gene 

expression of the cpt1b gene, it was 10.17-fold greater in the HFDT 

protective group and 2.54-fold higher in the therapeutic group compared to 

the control group and decreased  The gene expression of the IL-1β gene as 

follow it was 8.85-fold greater in the HFD group, 2.67-fold higher in the 

HFDT (protective group), and 5.09-fold higher in the therapeutic group 

compared to the control group. These results indicate that tocotrienols 

increased the expression of the cpt1b gene while decreasing the expression 

of the IL-1βgene. Carnitine palmitoyl transferase 1 (CPT1), found in 

mitochondria, is the rate-limiting enzyme for fatty acid oxidation. It contains 

three isoforms: CPT1A, CPT1B, and CPT1C (Muto et al. 2013). The CPT1B 

gene is a gene that encodes a protein called mitochondrial carnitine 1B. This 

protein plays an important role in the process of transporting fatty acids into 

the mitochondria, where they are converted into energy and  Disruption of 

this gene may lead to metabolic disorders (Muto et al., 2013). Burdeos et al. 

found that γ-T3 reduced TG accumulation via modulating gene and protein 

expressions of FAS, CPT1, and CYP3A4 in the HepG2 human liver cell line. 

(Burdeos et al., 2012b). Muto et al. (2013) found that γ-T3 did not impact 

the expression of mRNA for SREBP-1c or CPT1A, indicating that it was 

ineffective to prevent excessive lipid buildup in hepatocytes. γ-T3 inhibits 

hepatic fatty acid synthase (FAS) while increasing β-oxidation genes 
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(CPT1A and CYP3A4). may contribute to its TG-lowering impact in HepG2 

cells ( Yachi et al., 2010;Burdeos et al., 2012b). Our study is in  agreement 

with Muto et al. who observed that γ-T3 lowered hepatic TG content in 

normal rat primary hepatocytes by up-regulation of CPT1A and down-

regulation of SREBP-1c (Muto et al., 2013). 

      Metabolic Syndrome -related adipocyte dysfunction causes macrophage 

buildup in adipose tissue, leading to increased pro-inflammatory cytokine 

production and systemic inflammation (Srikanthan et al., 2016). Diabetic 

individuals with poor glucose metabolism generally have elevated levels of 

inflammatory markers such IL-1β, IL-6, and TNF-α (Li et al., 2014). 

Adipose tissue, often known as fat, serves as a store of energy and is a source 

of hormones, inflammatory mediators, resistin, leptin, adiponectin, and 

insulin, among other physiologically active molecules (TNF-α, IL-6, IL-1α, 

IL-1β). Wong et al., (2018) showed The beneficial effects of annatto 

tocotrienol may be attributed to its ability to normalize hormonal changes 

and inflammatory response but supplement of annatto tocotrienol as 

administered at sixty or one hundred milligrams per kilogram, annatto had 

no effect on the level of IL-1β in mice as compared to healthy animals. 

According to Endo et al. (2006), the endoplasmic reticulum ER stress-

induced production of the C/EBP homologous protein CHOP triggered 

caspase-11 and 1 signaling, which in turn enhanced the activation of pro-IL-

1B to mature IL-1B in lung cells. As a result, ER stress would stimulate the 

production of inflammatory cytokines, including IL-1B, and Muto et al. 

(2013) demonstrated that y-T3 decreased IL-1B gene expression. 

Nevertheless, it is unknown why gamma tocotrienol decreased the 

expression of the IL-1B gene under normal conditions. 
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6.1-Conclusions  

Depending on the results of the present study we can conclude 

the following points: 

1.  Tocotrienols may have potential as a weight management agent by 

exhibiting its anti-obesity effect. This occurs clearly through its 

effect on  body weight reduction, body mass index, lee index and AI 

index in both experiments (protective and therapeutic).  

2. The ameliorative effect of tocotrienol supplement in reducing the 

harmful HFD and obesity risks  obviously appeared through the 

regulation of serum lipid profile and enhance immunity status via 

total and differential WBC values among the groups. Therefore, 

tocotrienol can be suggested as a potential natural treatment for 

dyslipidemia and cardiovascular disease risk factors in obese 

individuals. 

3. The biochemical parameters indicated that tocotrienols supplement 

reduced the obesity risks through reducing levels of inflammatory 

markers such as C reactive protein. And balance the metabolic 

indicator such as total protein, globulin and glucose level. This 

indicates to that tocotrienols may promote overall health and well-

being.  

4. Although tocotrienol supplementation was able to reduced obesity 

risks in many indicators, it had limited impact on the concentrations 

of metabolic hormones in rats fed high-fat diet except its roles on 

insulin and leptin levels reduction compared to the obese group. But 

it did not significantly improve the concentrations of other metabolic 

hormones. 

5. The results also referred to the role of tocotrienol in improving 

semen profile compared to the obese group and thus improved the 

reproductive performance of male laboratory rats although there was 

no significant difference in sexual hormones. 
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6. Finally, the molecular detection of genetic changes due to 

Tocotrienol supplements revealed a clear effect on the genes 

responsible for fat metabolism and inflammation, thus explaining the 

mechanism by which tocotrienols may exert an effect on reducing 

high levels of fat. 

6.2- Recommendations 

      This study has some limitations, and the following recommendations     

are proposed for future research: 

1. Studying the effect of tocotrienols as an antioxidant agent in various 

organs of the body.   

2. Studying of other inflammatory cytokines such as  TNF-α, IL-6, and 

IL-18 to support the importance of tocotrienols as an anti-

inflammatory. 

3. Studying of the effect of tocotrienols on the reproductive capabilities 

of female rats after the development of metabolic disorders such as 

obesity or polycystic ovary syndrome. 

4. Studying the effect of tocotrienols on the thyroid gland, hormonally 

and histologically, because of its relationship to weight management 

and metabolic disorders. 

5. Studying the effect of tocotrienols on the gene expression of genes 

related to sex hormones to provide more understanding of the 

mechanisms by which tocotrienols influence vital activities in the 

body. 

6. Extracting tocotrienols from plant residues in which tocotrienols are 

indicated, as well as working to use them as important feed for 

animals to reduce the risks of harmful obesity and improve 

production. 



 

 

 

 

 

References 



References 

140 
 

Abbasihormozi, S., Kouhkan, A., Shaverdi, A., Sadighi Gilani, M. A., 

Babapour, V., Niasari Naslji, A., Akbarinehad, V., & Alizadeh, A. 

(2023). Nuclear Factor Kappa-B Protein Levels in Sperm of Obese Men 

with and without Diabetes; Cellular Approach in Male Infertility. Cell 

Journal (Yakhteh), 25(1), 17–24. 

Abd Aziz, N. A. A., Chatterjee, A., Chatterjee, R., & Durairajanayagam, D. 

(2019). Tocotrienol-rich fraction supplementation prevents foetal loss in 

females mated with corticosterone-treated male Sprague–Dawley rats. 

Andrologia, 51(3), 1–7. https://doi.org/10.1111/and.13199 

Abdul Ghani, N. A., Abdul Nasir, N. A., Lambuk, L., Sadikan, M. Z., 

Agarwal, R., & Ramli, N. (2023). The effect of palm oil-derived 

tocotrienol-rich fraction in preserving normal retinal vascular diameter 

in streptozotocin-induced diabetic rats. Graefe's Archive for Clinical 

and Experimental Ophthalmology, 261(6), 1587-1596. 

Abe, R. A. M., Masroor, A., Khorochkov, A., Prieto, J., Singh, K. B., 

Nnadozie, M. C., Abdal, M., Shrestha, N., & Mohammed, L. (2021). 

The role of vitamins in non-alcoholic fatty liver disease: a systematic 

review. Cureus, 13(8). 

Adams, J. M., Pratipanawatr, T., Berria, R., Wang, E., DeFronzo, R. A., 

Sullards, M. C., & Mandarino, L. J. (2004). Ceramide content is 

increased in skeletal muscle from obese insulin-resistant 

humans. Diabetes, 53(1), 25-31. 

Adams, L. A., Anstee, Q. M., Tilg, H., & Targher, G. (2017). Non-alcoholic 

fatty liver disease and its relationship with cardiovascular disease and 

other extrahepatic diseases. Gut, 66(6), 1138-1153. 

Aggarwal, B. B., Sundaram, C., Prasad, S., & Kannappan, R. (2010). 

https://doi.org/10.1111/and.13199


References 

141 
 

Tocotrienols, the vitamin E of the 21st century: its potential against 

cancer and other chronic diseases. Biochemical pharmacology, 80(11), 

1613-1631. 

Ahima RS. (2000). Leptin. Ann Rev Physiol;62:413-37. 

Ahn, K. S., Sethi, G., Krishnan, K., & Aggarwal, B. B. (2007). γ-Tocotrienol 

inhibits nuclear factor-κB signaling pathway through inhibition of 

receptor-interacting protein and TAK1 leading to suppression of 

antiapoptotic gene products and potentiation of apoptosis. Journal of 

Biological Chemistry, 282(1), 809–820. 

Ahsan, H., Ahad, A., Iqbal, J., & Siddiqui, W. A. (2014). Pharmacological 

potential of tocotrienols: a review. Nutrition & metabolism, 11, 1-22. 

Aigner, E., Feldman, A., & Datz, C. (2014). Obesity as an emerging risk 

factor for iron deficiency. Nutrients, 6(9), 3587-3600.  

Al-Attar, A. M. (2011). Antioxidant effect of vitamin E treatment on some 

heavy metals-induced renal and testicular injuries in male mice. Saudi 

Journal of Biological Sciences, 18(1), 63–72. 

https://doi.org/10.1016/j.sjbs.2010.10.004 

Aledani, A. H. E., Khudhair, N. A., & Alrafas, H. R. (2020). Effect of 

different methods of anesthesia on physiobiochemical parameters in 

laboratory male rats. Basrah Journal of Veterinary Research, 19(1), 

206-214.  

Al-Goblan, A. S., Al-Alfi, M. A., & Khan, M. Z. (2014). Mechanism linking 

diabetes mellitus and obesity. Diabetes, metabolic syndrome and 

obesity: targets and therapy, 587-591. 

Al-Hejaj, Z. M. H., Al-Sudani, H. S. K., Al-Amiri, R. M., & Jasim, M. H. 

https://doi.org/10.1016/j.sjbs.2010.10.004


References 

142 
 

(2021). Evaluation of Visfatin Hormone Level in Basrah Obese women. 

Journal of Cardiovascular Disease Research ISSN: 0975-3583, 0976-

2833 ,12: 03. 

Ali, A. A. M., Mansour, A., Hassanine, E. S. A. E., Abdel-Razek, A. H., & 

Mahmoud, H. A. H. (2019). Ameliorative role of a combination of 

chitosan, calcium, vitamins A and E against high fat diets-induced 

adverse effects in rats. The Journal of Basic and Applied Zoology, 80, 1-

12.  

Ali, S. A. G., Al-Fayyadh, H. R. D., Mohammed, S. H., & Ahmed, S. R. 

(2022, June). A Descriptive Statistical Analysis of Overweight and 

Obesity Using Big Data. In 2022 International Congress on Human-

Computer Interaction, Optimization and Robotic Applications 

(HORA) (pp. 1-6). IEEE.  

Alia, F., Syamsunarno, M. R. A. A., Sumirat, V. A., Ghozali, M., & Atik, N. 

(2019). The Haematological profiles of high fat diet mice model with 

moringa oleifera leaves ethanol extract treatment. Biomedical and 

Pharmacology Journal, 12(4), 2143–2149. 

Allen, L., Ramalingam, L., Menikdiwela, K., Scoggin, S., Shen, C.-L., 

Tomison, M. D., Kaur, G., Dufour, J. M., Chung, E., & Kalupahana, N. 

S. (2017). Effects of delta-tocotrienol on obesity-related adipocyte 

hypertrophy, inflammation and hepatic steatosis in high-fat-fed mice. 

The Journal of Nutritional Biochemistry, 48, 128–137. 

Al-Suhaimi, E. A., & Shehzad, A. (2013). Leptin, resistin and visfatin: the 

missing link between endocrine metabolic disorders and 

immunity. European journal of medical research, 18(1), 1-13. 

Alzubaidi, N. A.& Al Diwan, M.A., (2013). the Effect of Taurine on 



References 

143 
 

Reproductive Efficiency in Male Rats Fed High Cholesterol Diet. 

Basrah Journal of Veterinary Research, 12(1), 30–40. 

https://doi.org/10.33762/bvetr.2013.76186 

Amin, H. M., Tawfek, N. S., Abo-El Hussein, B. K., & El-Ghany, M. S. A. 

(2015). Anti-Obesity potential of orlistat and amphetamine in rats fed on 

high fat diet. Sciences, 5(02), 453-461.  

Andersen, C. J., Murphy, K. E., & Fernandez, M. L. (2016). Impact of 

obesity and metabolic syndrome on immunity. Advances in Nutrition, 

7(1), 66-75. 

Anosa, V. O. (1988). Haematological and biochemical changes in human 

and animal trypanosomiasis. I. Revue d'élevage et de médecine 

vétérinaire des pays tropicaux, 41(1), 65-78.  

Arita, Y., Kihara, S., Ouchi, N., Maeda, K., Kuriyama, H., Okamoto, Y., ... 

& Matsuzawa, Y. (2002). Adipocyte-derived plasma protein adiponectin 

acts as a platelet-derived growth factor-BB–binding protein and 

regulates growth factor–induced common postreceptor signal in 

vascular smooth muscle cell. Circulation, 105(24), 2893-2898. 

Arita, Y., Kihara, S., Ouchi, N., Takahashi, M., Maeda, K., Miyagawa, J. I., 

... & Matsuzawa, Y. (1999). Paradoxical decrease of an adipose-specific 

protein, adiponectin, in obesity. Biochemical and biophysical research 

communications, 257(1), 79-83. 

Aryaie, A., Tinsley, G., Lee, J., Watkins, B. A., Moore, L., Alhaj-Saleh, A., 

Shankar, K., Wood, S. R., Wang, R., & Shen, C. L. (2020). Actions of 

annatto-extracted tocotrienol supplementation on obese postmenopausal 

women: Study protocol for a double-blinded, placebo-controlled, 

randomised trial. BMJ Open, 10(3), 1–9.  



References 

144 
 

Ausk, K. J., & Ioannou, G. N. (2008). Is obesity associated with anemia of 

chronic disease? A population‐based study. Obesity, 16(10), 2356-2361. 

Aydin, S., Kuloglu, T., Aydin, S., Kalayci, M., Yilmaz, M., Cakmak, T., 

Albayrak, S., Gungor, S., Colakoglu, N., & Ozercan, İ. H. (2014). A 

comprehensive immunohistochemical examination of the distribution of 

the fat-burning protein irisin in biological tissues. Peptides, 61, 130–

136. 

Ayman, S. S., Mohamed, T., Amira, M. J., Wafaa, I. R., Abd-Elreheem, M. 

D., & NOHA, T. (2019). The Association between Resistin, Leptin and 

Adiponectin with Obesity and Type 2 Diabetes Mellitus. The Medical 

Journal of Cairo University, 87(December), 4227-4237. 

Bachir BG & Jarvi K. (2014) Infectious, inflammatory, and immunologic 

conditions resulting in male infertility. Urol Clin North Am 41, 67–81. 

Bakos, H.W., Mitchell, M., Setchell, B.P., Lane, M. (2010). The effect of 

paternal diet- induced obesity on sperm function and fertilization in a 

mouse model. Int. J. Androl., 34 (1), 402-410. 

Baliarsingh, S., Beg, Z. H., & Ahmad, J. (2005). The therapeutic impacts of 

tocotrienols in type 2 diabetic patients with hyperlipidemia. 

Atherosclerosis, 182(2), 367–374. 

https://doi.org/10.1016/j.atherosclerosis.2005.02.020 

Banks, W. A. (2012). Role of the blood–brain barrier in the evolution of 

feeding and cognition. Annals of the New York Academy of 

Sciences, 1264(1), 13-19. 

Banudevi, S., Sharmila, M., Murugesan, P., Srinivasan, N., 

Balasubramanian, K., Aruldhas, M. M., & Arunakaran, J. (2004). 

Effects of Vitamin C and E on PCB (Aroclor 1254) induced oxidative 

https://doi.org/10.1016/j.atherosclerosis.2005.02.020


References 

145 
 

stress, androgen binding protein and lactate in rat Sertoli cells. 

Reproductive Toxicology, 19(2), 201–208. 

Barbagallo, F., Condorelli, R. A., Mongioì, L. M., Cannarella, R., Cimino, 

L., Magagnini, M. C., ... & Calogero, A. E. (2021). Molecular 

mechanisms underlying the relationship between obesity and male 

infertility. Metabolites, 11(12), 840. 

Barrett, P., Mercer, J. G., & Morgan, P. J. (2016). Preclinical models for 

obesity research. Disease Models & Mechanisms, 9(11), 1245–1255. 

Barrett, P., Mercer, J. G., & Morgan, P. J. (2016). Preclinical models for 

obesity research. Disease Models & Mechanisms, 9(11), 1245–1255. 

Bastías-Pérez, M., Serra, D., & Herrero, L. (2020). Dietary options for 

rodents in the study of obesity. Nutrients, 12(11), 1–18. 

https://doi.org/10.3390/nu12113234 

Behboudi-Gandevani, S., Ramezani Tehrani, F., Bidhendi Yarandi, R., 

Noroozzadeh, M., Hedayati, M., & Azizi, F. (2017). The association 

between polycystic ovary syndrome, obesity, and the serum 

concentration of adipokines. Journal of endocrinological 

investigation, 40, 859-866. 

Belza, A., Frandsen, E., & Kondrup, J. (2007). Body fat loss achieved by 

stimulation of thermogenesis by a combination of bioactive food 

ingredients: a placebo-controlled, double-blind 8-week intervention in 

obese subjects. International journal of obesity, 31(1), 121-130. 

Bernardis, L. L. (1970). Prediction of carcass fat, water and lean body mass 

from Lee's ‘nutritive ratio’in rats with hypothalamic 

obesity. Experientia, 26(7), 789-790. 



References 

146 
 

Bhardwaj, P., Au, C. C., Benito-Martin, A., Ladumor, H., Oshchepkova, S., 

Moges, R., & Brown, K. A. (2019). Estrogens and breast cancer: 

Mechanisms involved in obesity-related development, growth and 

progression. The Journal of Steroid Biochemistry and Molecular 

Biology, 189, 161–170. 

Birulina Julia, G., Ivanov Vladimir, V., Buyko Evgeniy, E., Bykov Vladimir, 

V., Smagliy Lyudmila, V., Nosarev Alexey, V., Petrova Irina, V., 

Gusakova Svetlana, V., Popov Oleg, S., & Vasilev Vladimir, N. (2020). 

High-fat, high-carbohydrate diet-induced experimental model of 

metabolic syndrome in rats. Bulletin of Siberian Medicine, 19(4), 14–

20. https://doi.org/10.20538/1682-0363-2020-4-14-20 

Bishop, M. L. (2020). Clinical chemistry: Principles, techniques, and 

correlations, enhanced edition: Principles, techniques, and 

correlations. Jones & Bartlett Learning.  

Blaak, E. E., & Saris, W. H. M. (1996). Postprandial thermogenesis and 

substrate utilization after ingestion of different dietary carbohydrates. 

Metabolism, 45(10), 1235-1242. 

Black, T. M., Wang, P., Maeda, N., & Coleman, R. A. (2000). Palm 

tocotrienols protect apoE +/- mice from diet-induced atheroma 

formation. Journal of Nutrition, 130(10), 2420–2426.  

Bloemer, J., Bhattacharya, S., Amin, R., & Suppiramaniam, V. (2014). 

Impaired insulin signaling and mechanisms of memory loss. Progress in 

molecular biology and translational science, 121, 413-449. 

Blüher, M. (2013). Adipose tissue dysfunction contributes to obesity related 

metabolic diseases. Best Practice & Research Clinical Endocrinology & 

Metabolism, 27(2), 163–177. 



References 

147 
 

https://doi.org/https://doi.org/10.1016/j.beem.2013.02.005 

Bluher, S., Ziotopoulou, M., Bullen Jr, J. W., Moschos, S. J., Ungsunan, L., 

Kokkotou, E., ... & Mantzoros, C. S. (2004). Responsiveness to 

peripherally administered melanocortins in lean and obese 

mice. Diabetes, 53(1), 82-90. 

Bortolin, R. C., Vargas, A. R., Gasparotto, J., Chaves, P. R., Schnorr, C. E., 

Martinello, K. B., ... & Moreira, J. C. F. (2018). A new animal diet based 

on human Western diet is a robust diet-induced obesity model: 

comparison to high-fat and cafeteria diets in term of metabolic and gut 

microbiota disruption. International Journal of Obesity, 42(3), 525-534.  

Bosma, M., Kersten, S., Hesselink, M. K., & Schrauwen, P. (2012). Re-

evaluating lipotoxic triggers in skeletal muscle: relating 

intramyocellular lipid metabolism to insulin sensitivity. Progress in 

lipid research, 51(1), 36-49. 

Boström, P., Wu, J., Jedrychowski, M. P., Korde, A., Ye, L., Lo, J. C., 

Rasbach, K. A., Boström, E. A., Choi, J. H., & Long, J. Z. (2012). A 

PGC1-α-dependent myokine that drives brown-fat-like development of 

white fat and thermogenesis. Nature, 481(7382), 463–468. 

Budin, S. B., Othman, F., Louis, S. R., Bakar, M. A., Das, S., & Mohamed, 

J. (2009). The effects of palm oil tocotrienol-rich fraction 

supplementation on biochemical parameters, oxidative stress and the 

vascular wall of streptozotocin-induced diabetic rats. Clinics (São 

Paulo, Brazil), 64(3), 235–244.  

Buettner, R., Schölmerich, J., & Bollheimer, L. C. (2007). High-fat diets: 

Modeling the metabolic disorders of human obesity in rodents. Obesity, 

15(4), 798–808. https://doi.org/10.1038/oby.2007.608 

https://doi.org/https:/doi.org/10.1016/j.beem.2013.02.005


References 

148 
 

Burdeos, G. C., Nakagawa, K., Kimura, F., & Miyazawa, T. (2012). 

Tocotrienol attenuates triglyceride accumulation in HepG2 cells and 

F344 rats. Lipids, 47, 471-481. 

Burdeos, G. C., Nakagawa, K., Watanabe, A., Kimura, F., & Miyazawa, T. 

(2013). γ-tocotrienol attenuates triglyceride through effect on lipogenic 

gene expressions in mouse hepatocellular carcinoma Hepa 1-6. Journal 

of Nutritional Science and Vitaminology, 59(2), 148–151.  

Busnelli, M., Manzini, S., Froio, A., Vargiolu, A., Cerrito, M. G., Smolenski, 

R. T., ... & Lavitrano, M. (2013). Diet induced mild 

hypercholesterolemia in pigs: local and systemic inflammation, effects 

on vascular injury–rescue by high-dose statin treatment. PloS one, 8(11), 

e80588.  

Büyükokuroğlu, M. E., Göçer, F., & Ünüvar, N. (1999). Leptin. Ankara 

Üniversitesi Tıp Fakültesi Farmakoloji ve Endokrinoloji Anabilim 

Dalları Erzurum, 31, 1-5. 

Cameron, A. J., Shaw, J. E., & Zimmet, P. Z. (2004). The metabolic 

syndrome: prevalence in worldwide populations. Endocrinology and 

Metabolism Clinics, 33(2), 351-375. 

Candiracci, M., Justo, M. L., Castano, A., Rodriguez-Rodriguez, R., & 

Herrera, M. D. (2014). Rice bran enzymatic extract–supplemented diets 

modulate adipose tissue inflammation markers in Zucker rats. Nutrition, 

30(4), 466–472. 

Cao, L., Liu, X., Cao, H., Lv, Q., & Tong, N. (2012). Modified high-sucrose 

diet-induced abdominally obese and normal-weight rats developed high 

plasma free fatty acid and insulin resistance. Oxidative medicine and 

cellular longevity, 2012.  



References 

149 
 

Castellini, G., Franzago, M., Bagnoli, S., Lelli, L., Balsamo, M., Mancini, 

M., . . . Stanghellini, G. (2017). Fat mass and obesity-associated gene 

(FTO) is associated to eating disorders susceptibility and moderates the 

expression of psychopathological traits. PLoS One, 12(3), e0173560.  

Cepeda-Lopez, A. C., Aeberli, I., & Zimmermann, M. B. (2010). Does 

obesity increase risk for iron deficiency? A review of the literature and 

the potential mechanisms. International journal for vitamin and 

nutrition research, 80(4), 263.  

Chami, N., Preuss, M., Walker, R. W., Moscati, A., & Loos, R. J. (2020). 

The role of polygenic susceptibility to obesity among carriers of 

pathogenic mutations in MC4R in the UK Biobank population. PLoS 

medicine, 17(7), e1003196. 

Chehab, F. F. (2014). 20 years of leptin: leptin and reproduction: past 

milestones, present undertakings, and future endeavors. Journal of 

Endocrinology, 223(1), T37-T48.  

Chemineau, p.; Cagine, y.; Orguer, p. and Nalet, J.C.(1991). Training manual 

on artificial insemination in sheep and goat in animal production and 

health, FAO. Roma: 83. 

Chen, H., Montagnani, M., Funahashi, T., Shimomura, I., & Quon, M. J. 

(2003). Adiponectin stimulates production of nitric oxide in vascular 

endothelial cells. Journal of Biological Chemistry, 278(45), 45021-

45026. 

Cheng, H. S., Ton, S. H., Tan, J. B. L., & Abdul Kadir, K. (2017). The 

ameliorative effects of a tocotrienol-rich fraction on the AGE-RAGE 

axis and hypertension in high-fat-diet-fed rats with metabolic syndrome. 

Nutrients, 9(9), 984. 



References 

150 
 

Chew, N. W. S., Ng, C. H., Tan, D. J. H., Kong, G., Lin, C., Chin, Y. H., 

Lim, W. H., Huang, D. Q., Quek, J., & Fu, C. E. (2023). The global 

burden of metabolic disease: Data from 2000 to 2019. Cell Metabolism, 

35(3), 414–428. 

 Chia, L. L., Jantan, I., Chua, K. H., Lam, K. W., Rullah, K., & Aluwi, M. 

F. (2016). Effects of tocotrienols on insulin secretion-associated genes 

expression of rat pancreatic islets in a dynamic culture. Frontiers in 

Pharmacology, 7, 291. https://doi.org/10.3389/fphar.2016.00291 

Chin, K. Y., & Ima-Nirwana, S. (2014). Effects of annatto-derived 

tocotrienol supplementation on osteoporosis induced by testosterone 

deficiency in rats. Clinical Interventions in Aging, 9, 1247–1259.  

Chin, K. Y., Gengatharan, D., Mohd Nasru, F. S., Khairussam, R. A., Ern, 

S. L. H., Aminuddin, S. A. W., & Ima-Nirwana, S. (2016). The effects 

of annatto tocotrienol on bone biomechanical strength and bone calcium 

content in an animal model of osteoporosis due to testosterone 

deficiency. Nutrients, 8(12), 808. 

Chin, S. F., Hamid, N. A. A., Latiff, A. A., Zakaria, Z., Mazlan, M., Yusof, 

Y. A. M., ... & Ngah, W. Z. W. (2008). Reduction of DNA damage in 

older healthy adults by Tri E® Tocotrienol supplementation. Nutrition, 

24(1), 1-10. 

Chin, S. F., Ibahim, J., Makpol, S., Abdul Hamid, N. A., Abdul Latiff, A., 

Zakaria, Z., ... & Wan Ngah, W. Z. (2011). Tocotrienol rich fraction 

supplementation improved lipid profile and oxidative status in healthy 

older adults: A randomized controlled study. Nutrition & metabolism, 

8(1), 1-14. 

Chooi, Y. C., Ding, C., & Magkos, F. (2019). The epidemiology of obesity. 

https://doi.org/10.3389/fphar.2016.00291


References 

151 
 

Metabolism: Clinical and Experimental, 92, 6–10.  

Chou, T. W., Ma, C. Y., Cheng, H. H., Chen, Y. Y., & Lai, M. H. (2009). 

A rice bran oil diet improves lipid abnormalities and suppress 

hyperinsulinemic responses in rats with streptozotocin/nicotinamide-

induced type 2 diabetes. Journal of clinical biochemistry and nutrition, 

45(1), 29-36. 

Chumakova, G. A., Ott, A. V., Veselovskaya, N. G., Gritsenko, O. V., & 

Shenkova, N. N. (2015). Pathogenetic mechanisms of leptin 

resistance. Российский кардиологический журнал, 20(4), 107-110. 

Chung, E., Campise, S. N., Joiner, H. E., Tomison, M. D., Kaur, G., Dufour, 

J. M., Cole, L., Ramalingam, L., Moustaid-Moussa, N., & Shen, C.-L. 

(2019). Effect of annatto-extracted tocotrienols and green tea poly- 

phenols on glucose homeostasis and skeletal muscle metabolism in 

obese male mice. The Journal of Nutritional Biochemistry, 67, 36–43. 

https://doi.org/10.1016/j.jnutb io.2019.01.021 

Cnop, M., Havel, P. J., Utzschneider, K. M., Carr, D. B., Sinha, M. K., 

Boyko, E. J., ... & Kahn, S. E. (2003). Relationship of adiponectin to 

body fat distribution, insulin sensitivity and plasma lipoproteins: 

evidence for independent roles of age and sex. Diabetologia, 46, 459-

469. 

Cohen, P., & Spiegelman, B. M. (2015). Brown and beige fat: molecular 

parts of a thermogenic machine. Diabetes, 64(7), 2346-2351. 

Condorelli, R. A., La Vignera, S., Mongioì, L. M., Alamo, A., & Calogero, 

A. E. (2018). Diabetes mellitus and infertility: different 

pathophysiological effects in type 1 and type 2 on sperm function. 

Frontiers in Endocrinology, 9, 268. 

https://doi.org/10.1016/j.jnutb%20io.2019.01.021


References 

152 
 

Cook, J. B., Hendrickson, L. M., Garwood, G. M., Toungate, K. M., Nania, 

C. V., & Morikawa, H. (2017). Junk food diet-induced obesity increases 

D2 receptor autoinhibition in the ventral tegmental area and reduces 

ethanol drinking. PLoS One, 12(8), e0183685.  

Coppack, S. W., Evans, R. D., Fisher, R. M., Frayn, K. N., Gibbons, G. F., 

Humphreys, S. M., Kirk, M. L., Potts, J. L., & Hockaday, T. D. R. 

(1992). Adipose tissue metabolism in obesity: lipase action in vivo 

before and after a mixed meal. Metabolism, 41(3), 264–272. 

Crujeiras, A. B., Zulet, M. A., Lopez-Legarrea, P., de la Iglesia, R., Pardo, 

M., Carreira, M. C., Martínez, J. A., & Casanueva, F. F. (2014). 

Association between circulating irisin levels and the promotion of 

insulin resistance during the weight maintenance period after a dietary 

weight-lowering program in obese patients. Metabolism, 63(4), 520–

531. 

Daffalla, I. A. A., Abdalla, S. H. A., & Salih, S. E. A. (2015). Effect of 

Obesity Induced by High Carbohydrate and High Fat Diets on 

Biochemical Profile in Albino Rats in Sudan. SSR Institute of 

International Journal of Life Sciences,7(4), 2844-2852. 

Das, S., Mukherjee, S., Lekli, I., Gurusamy, N., Bardhan, J., Raychoudhury, 

U., ... & Das, D. K. (2012). Tocotrienols confer resistance to ischemia 

in hypercholesterolemic hearts: Insight with genomics. Molecular and 

cellular biochemistry, 360, 35-45. 

Daud, Z. A. M., Tubie, B., Sheyman, M., Osia, R., Adams, J., Tubie, S., & 

Khosla, P. (2013). Vitamin E tocotrienol supplementation improves 

lipid profiles in chronic hemodialysis patients. Vascular Health and Risk 

Management, 747–761. 



References 

153 
 

Dallner, G., Bentinger, M., Hussain, S., Sinha, I., Yang, J., Schwank-Xu, C., 

... & Tekle, M. (2021). Dehydro-tocotrienol-β counteracts oxidative-

stress-induced diabetes complications in db/db mice. Antioxidants, 

10(7), 1070. 

Davidson, E. P., Coppey, L. J., Calcutt, N. A., Oltman, C. L., & Yorek, M. 

A. (2010). Diet‐induced obesity in Sprague–Dawley rats causes 

microvascular and neural dysfunction. Diabetes/Metabolism Research 

and Reviews, 26(4), 306-318. 

Davidson, E. P., Coppey, L. J., Dake, B., & Yorek, M. A. (2011). Effect of 

treatment of Sprague Dawley rats with AVE7688, enalapril, or 

candoxatril on diet-induced obesity. Journal of Obesity, 2011. 

De Heredia, F. P., Gómez-Martínez, S., & Marcos, A. (2012). Obesity, 

inflammation and the immune system. Proceedings of the Nutrition 

Society, 71(2), 332-338. 

de Moura e Dias, M., Dos Reis, S. A., da Conceição, L. L., Sediyama, C. M. 

N. D. O., Pereira, S. S., de Oliveira, L. L., ... & Milagro, F. I. (2021). 

Diet-induced obesity in animal models: points to consider and influence 

on metabolic markers. Diabetology & Metabolic Syndrome, 13, 1-14.  

de Oliveira Andrade, F., Fontelles, C. C., Rosim, M. P., de Oliveira, T. F., 

de Melo Loureiro, A. P., Mancini-Filho, J., ... & Ong, T. P. (2014). 

Exposure to lard-based high-fat diet during fetal and lactation periods 

modifies breast cancer susceptibility in adulthood in rats. The Journal of 

nutritional biochemistry, 25(6), 613-622.  

Delporte, M. L., Brichard, S. M., Hermans, M. P., Beguin, C., & Lambert, 

M. (2003). Hyperadiponectinaemia in anorexia nervosa. Clinical 

endocrinology, 58(1), 22-29. 



References 

154 
 

Devasagayam, T. P. A., Tilak, J. C., Boloor, K. K., Sane, K. S., Ghaskadbi, 

S. S., & Lele, R. D. (2004). Free radicals and antioxidants in human 

health: current status and future prospects. Japi, 52(794804), 4. 

Di Meo, S., Iossa, S., & Venditti, P. (2017). Skeletal muscle insulin 

resistance: role of mitochondria and other ROS sources. J Endocrinol, 

233(1), R15-r42.  

Díaz-Urbina, D., Escartín-Pérez, R. E., López-Alonso, V. E., & Mancilla-

Díaz, J. M. (2018). Effects of a high-fat diet on behavioral eating 

patterns. Acta Colombiana de Psicología, 21(1), 95–115. 

Diez, J. J., & Iglesias, P. (2003). The role of the novel adipocyte-derived 

hormone adiponectin in human disease. European Journal of 

endocrinology, 148(3), 293-300. 

Dixon, J. B., & O'Brien, P. E. (2006). Obesity and the white blood cell count: 

changes with sustained weight loss. Obesity surgery, 16(3), 251-257.  

dos Reis Costa, D. E. F., de Araújo, N. F., Nóbrega, N. R. C., Ribeiro, N. de 

A. R., de Oliveira, A. C. C., Capettini, L. dos S. A., Ferreira, A. V. M., 

& Bonaventura, D. (2022). Contribution of RAS, ROS and COX-1-

derived prostanoids to the contractile profile of perivascular adipose 

tissue in cafeteria diet-induced obesity. Life Sciences, 309, 120994. 

Du Plessis, S.S., Cabler, S., McAlister, D.A., Sabanegh, E.,Agarwal, A., 

(2010). The effect of obesity on sperm disorders and male infertility. 

Nature Reviews Urology 7(3), 153-161. 

Eckel, R. H., Alberti, K. G., Grundy, S. M., & Zimmet, P. Z. (2010). The 

metabolic syndrome. The lancet, 375(9710), 181-183.  

El-Atat, F., McFarlane, S. I., & Sowers, J. R. (2004). Diabetes, hypertension, 



References 

155 
 

and cardiovascular derangements: pathophysiology and management. 

Current hypertension reports, 6(3), 215-223.  

Elks, C. E. et al. Variability in the heritability of body mass index: a 

systematic review and meta-regression. Front. Endocrinol. 3, 29 (2012).  

Endo, M., Mori, M., Akira, S., & Gotoh, T. (2006). C/EBP homologous 

protein (CHOP) is crucial for the induction of caspase-11 and the 

pathogenesis of lipopolysaccharide-induced inflammatio. The Journal 

of Immunology, 176(10), 6245-6253. 

Erion, D. M., & Shulman, G. I. (2010). Diacylglycerol-mediated insulin 

resistance. Nature medicine, 16(4), 400-402.  

Eslampour, E., Ebrahimzadeh, F., Abbasnezhad, A., Khosroshahi, M. Z., 

Choghakhori, R., & Asbaghi, O. (2019). Association between circu- 

lating irisin and C-reactive protein levels: A systematic review and meta-

analysis. Endocrinology and Metabolism, 34(2), 140–149. https:// 

doi.org/10.3803/EnM.2019.34.2.140 

Esmaeili, V., Zendehdel, M., Shahverdi, A., & Alizadeh, A. (2022). 

Relationship between obesity‐related markers, biochemical metabolic 

parameters, hormonal profiles and sperm parameters among men 

attending an infertility clinic. Andrologia, 54(10), e14524. 

Evans, G., & Maxwell, W. C. (1987). Salamons' artificial insemination of 

sheep and goats (No. Ed. 2, pp. xi+-194). 

Exley, M. A., Hand, L., O’Shea, D., & Lynch, L. (2014). Interplay between 

the immune system and adipose tissue in obesity. J Endocrinol, 223(2), 

R41-8. 

Fabry, S., & Narasimhan, R. A. (2006). 100 Questions & Answers about 



References 

156 
 

Hepatitis C: A Lahey Clinic Guide. Jones & Bartlett Learning. 

Fang, F., Kang, Z., & Wong, C. (2010). Vitamin E tocotrienols improve 

insulin sensitivity through activating peroxisome proliferator‐activated 

receptors. Molecular Nutrition & Food Research, 54(3), 345–352. 

Farr, O. M., Gavrieli, A., & Mantzoros, C. S. (2015). Leptin applications in 

2015: what have we learned about leptin and obesity?. Current Opinion 

in Endocrinology, Diabetes and Obesity, 22(5), 353-359. 

Fasshauer, M., & Blüher, M. (2015). Adipokines in health and disease. 

Trends in Pharmacological Sciences, 36(7), 461–470. 

Fazakerley, D. J., Minard, A. Y., Krycer, J. R., Thomas, K. C., Stöckli, J., 

Harney, D. J., ... & James, D. E. (2018). Mitochondrial oxidative stress 

causes insulin resistance without disrupting oxidative 

phosphorylation. Journal of Biological Chemistry, 293(19), 7315-7328. 

Feketea, G. M., & Vlacha, V. (2020). The diagnostic significance of usual 

biochemical parameters in coronavirus disease 19 (COVID-19): 

albumin to globulin ratio and CRP to albumin ratio. Frontiers in 

Medicine, 7, 566591. 

Feldstein, A. E., Werneburg, N. W., Canbay, A., Guicciardi, M. E., Bronk, 

S. F., Rydzewski, R., Burgart, L. J., & Gores, G. J. (2004). Free fatty 

acids promote hepatic lipotoxicity by stimulating TNF‐α expression via 

a lysosomal pathway. Hepatology, 40(1), 185–194. 

Feng, B., Yao, P. M., Li, Y., Devlin, C. M., Zhang, D., Harding, H. P., ... & 

Tabas, I. (2003). The endoplasmic reticulum is the site of cholesterol-

induced cytotoxicity in macrophages. Nature cell biology, 5(9), 781-

792. 



References 

157 
 

Fernandez, C. D. B., Bellentani, F. F., Fernandes, G. S. A., Perobelli, J. E., 

Favareto, A. P. A., Nascimento, A. F., Cicogna, A. C., & Kempinas, W. 

D. G. (2011). Diet-induced obesity in rats leads to a decrease in sperm 

motility. Reproductive Biology and Endocrinology, 9, 1–10. 

Fernández, V., Tapia, G., & Videla, L. A. (2012). Recent advances in liver 

preconditioning: thyroid hormone, n-3 long-chain polyunsaturated fatty 

acids and iron. World journal of hepatology, 4(4), 119. 

Ferramosca, A., Conte, A., Moscatelli, N., & Zara, V. (2016). A high‐fat diet 

negatively affects rat sperm mitochondrial respiration. Andrology, 4(3), 

520-525. 

Ferramosca, A., Moscatelli, N., Di Giacomo, M., & Zara, V. (2017). Dietary 

fatty acids influence sperm quality and function. Andrology, 5(3), 423-

430. 

Ferrannini, E., Camastra, S., Coppack, S. W., Fliser, D., Golay, A., & 

Mitrakou, A. (1997). Insulin action and non-esterified fatty acids. 

Proceedings of the Nutrition Society, 56(2), 753-761. 

Ferrannini, E., Camastra, S., Coppack, S. W., Fliser, D., Golay, A., & 

Mitrakou, A. (1997). Insulin action and non-esterified fatty acids. 

Proceedings of the Nutrition Society, 56(2), 753–761. 

Fischer-Posovszky, P., Wabitsch, M., & Hochberg, Z. (2007). 

Endocrinology of adipose tissue-an update. Hormone and Metabolic 

Research, 39(05), 314-321. 

Font-Burgada, J. et al. Obesity and cancer: the oil that feeds the flame. 

CellnMetab. 23, 48–62 (2016). 

François, M., Barde, S., Legrand, R., Lucas, N., Azhar, S., El Dhaybi, M., 



References 

158 
 

Guerin, C., Hökfelt, T., Déchelotte, P., & Coëffier, M. (2016). High-fat 

diet increases ghrelin-expressing cells in stomach, contributing to 

obesity. Nutrition, 32(6), 709–715. 

Frega, N., Mozzon, M., & Bocci, F. (1998). Identification and estimation of 

tocotrienols in the annatto lipid fraction by gas chromatography-mass 

spectrometry. Journal of the American Oil Chemists' Society, 75, 1723-

1727. 

Friedman, J. M. (2002). The function of leptin in nutrition, weight, and 

physiology. Nutrition Reviews, 60(suppl_10), S1–S14. 

Frühbeck, G., Busetto, L., Dicker, D., Yumuk, V., Goossens, G. H., 

Hebebrand, J., Halford, J. G. C., Farpour-Lambert, N. J., Blaak, E. E., 

Woodward, E., & Toplak, H. (2019). The ABCD of Obesity: An EASO 

Position Statement on a Diagnostic Term with Clinical and Scientific 

Implications. Obesity Facts, 12(2), 131–136. 

https://doi.org/10.1159/000497124 

Gabuza, K. B., Sibuyi, N. R. S., Mobo, M. P., & Madiehe, A. M. (2020). 

Differentially expressed serum proteins from obese Wistar rats as a risk 

factor for obesity-induced diseases. Scientific Reports, 10(1), 12415. 

Galaly, S.R., Hozayen, W.G., Amin, K.A., Ramadan, S.M. (2014). Effects 

of Orlistat and herbal mixture extract on brain, testes functions and 

oxidative stress biomarkers in a rat model of high fat diet. Beni-Suef 

University Journal of Basic and Applied Sciences. 3, 93-105. 

Gan, Y.-L., Fu, J.-Y., Lai, O.-M., Chew, B.-H., Yuen, K.-H., Teng, K.-T., 

Nesaretnam, K., Selvaduray, K. R., & Meganathan, P. (2017). Effect of 

palm-based tocotrienols and tocopherol mixture supplementation on 

platelet aggregation in subjects with metabolic syndrome: a randomised 

https://doi.org/10.1159/000497124


References 

159 
 

controlled trial. Scientific Reports, 7(1), 11542. 

Garcia, I. J. P., Cézar, J. S., Lemos, B. S., Silva, L. N., Ribeiro, R. I. M. D. 

A., Santana, C. C., ... & Barbosa, L. A. (2018). Effects of high fat diet 

on kidney lipid content and the Na, K-ATPase activity. Brazilian journal 

of pharmaceutical sciences, 54. 

Garg, A., Kumar, A., Pottoo, F. H., & Chawla, P. A. (2022). Animal models 

used for studying the benefits of probiotics in metabolic disorders. 

In Probiotic Research in Therapeutics: Volume 5: Metabolic Diseases 

and Gut Bacteria (pp. 261-275). Singapore: Springer Nature Singapore.  

Gavrieli, A., Panagiotou, G., & Mantzoros, C. S. (2016). Leptin 

administration in physiological or pharmacological doses does not alter 

circulating irisin levels in humans. International Journal of Obesity, 

40(9), 1461–1463. 

Gepstein, V., & Weiss, R. (2019). Obesity as the main risk factor for 

metabolic syndrome in children. Frontiers in Endocrinology, 10, 568. 

Geyer, P. E., Wewer Albrechtsen, N. J., Tyanova, S., Grassl, N., Iepsen, E. 

W., Lundgren, J., ... & Mann, M. (2016). Proteomics reveals the effects 

of sustained weight loss on the human plasma proteome. Molecular 

systems biology, 12(12), 901.  

Ghanayem, B. I., Bai, R., Kissling, G. E., Travlos, G., & Hoffler, U. (2010). 

Diet-induced obesity in male mice is associated with reduced fertility 

and potentiation of acrylamide-induced reproductive toxicity. Biology of 

reproduction, 82(1), 96-104. 

Ghani, S. M. A., Goon, J. A., Azman, N. H. E. N., Zakaria, S. N. A., Hamid, 

Z., & Ngah, W. Z. W. (2019). Comparing the effects of vitamin E 

tocotrienol-rich fraction supplementation and α-tocopherol 



References 

160 
 

supplementation on gene expression in healthy older adults. Clinics, 74. 

Ghasi, S., Nwobodo, E., & Ofili, J. O. (2000). Hypocholesterolemic effects 

of crude extract of leaf of Moringa oleifera Lam in high-fat diet fed 

Wistar rats. Journal of Ethnopharmacology, 69(1), 21–25. 

Ghibaudi L, Cook J, Farley C, et al. (2002). Fat intake affects adiposity, 

comorbidity factors, and energy metabolism of Sprague–Dawley rats. 

Obes Res 10, 956–963. 

Ghosh, S., & Mukherjee, S. (2018). Testicular germ cell apoptosis and sperm 

defects in mice upon long‐term high fat diet feeding. Journal of Cellular 

Physiology, 233(10), 6896–6909. 

Gołacki, J., Matuszek, M., & Matyjaszek-Matuszek, B. (2022). Link 

between Insulin Resistance and Obesity—From Diagnosis to Treatment. 

Diagnostics, 12(7), 1681. 

Goldsammler, M., Merhi, Z., & Buyuk, E. (2018). Role of hormonal and 

inflammatory alterations in obesity-related reproductive dysfunction at 

the level of the hypothalamic-pituitary-ovarian axis. Reproductive 

Biology and Endocrinology, 16, 1–10. 

Gomez-de-Regil, L., Avila-Nava, A., Gutierrez-Solis, A. L., & Lugo, R. 

(2020). Mobile apps for the management of comorbid 

overweight/obesity and depression/anxiety: A systematic 

review. Journal of Healthcare Engineering, 2020. 

Gómez-Pinilla, F. (2008). Brain foods: the effects of nutrients on brain 

function. Nature reviews neuroscience, 9(7), 568-578. 

Gomez-Smith, M., Karthikeyan, S., Jeffers, M. S., Janik, R., Thomason, L. 

A., Stefanovic, B., & Corbett, D. (2016). A physiological 



References 

161 
 

characterization of the Cafeteria diet model of metabolic syndrome in 

the rat. Physiology & Behavior, 167, 382–391. 

Goossens, G. H. (2008). The role of adipose tissue dysfunction in the 

pathogenesis of obesity-related insulin resistance. Physiology & 

Behavior, 94(2), 206–218. 

https://doi.org/https://doi.org/10.1016/j.physbeh.2007.10.010 

Goossens, G. H. (2017). The Metabolic Phenotype in Obesity: Fat Mass, 

Body Fat Distribution, and Adipose Tissue Function. Obesity Facts, 

10(3), 207–215. https://doi.org/10.1159/000471488 

Goossens, G. H., & Blaak, E. E. (2015). Adipose tissue dysfunction and 

impaired metabolic health in human obesity: a matter of 

oxygen?. Frontiers in endocrinology, 6, 140864. 

Greenfield, J. R., Samaras, K., Jenkins, A. B., Kelly, P. J., Spector, T. D., 

Gallimore, J. R., ... & Campbell, L. V. (2004). Obesity is an important 

determinant of baseline serum C-reactive protein concentration in 

monozygotic twins, independent of genetic influences. Circulation, 

109(24), 3022-3028. 

Grundy, S. M. (2006). Drug therapy of the metabolic syndrome: minimizing 

the emerging crisis in polypharmacy. Nature reviews Drug 

discovery, 5(4), 295-309. 

Grzęda, E., Matuszewska, J., Ziarniak, K., Gertig-Kolasa, A., Krzyśko-

Pieczka, I., Skowrońska, B., & Sliwowska, J. H. (2022). Animal Foetal 

Models of Obesity and Diabetes–From Laboratory to Clinical Settings. 

Frontiers in Endocrinology, 13, 785674. 

Guerre-Millo, M. (2003). Extending the glucose/fatty acid cycle: a 

glucose/adipose tissue cycle. Biochemical Society Transactions, 31(6), 

https://doi.org/https:/doi.org/10.1016/j.physbeh.2007.10.010
https://doi.org/10.1159/000471488


References 

162 
 

1161-1164. 

Guilherme, A., Virbasius, J. V, Puri, V., & Czech, M. P. (2008). Adipocyte 

dysfunctions linking obesity to insulin resistance and type 2 diabetes. 

Nature Reviews Molecular Cell Biology, 9(5), 367–377. 

Guiraudou, M., Varlet-Marie, E., Raynaud de Mauverger, E., & Brun, J. F. 

(2013). Obesity-related increase in whole blood viscosity includes 

different profiles according to fat localization. Clinical Hemorheology 

and Microcirculation, 55(1), 63-73. 

Gupta, A., & Chopra, K. (2009). Effect of tocotrienols on iron-induced renal 

dysfunction and oxidative stress in rats. Drug and Chemical Toxicology, 

32(4), 319–325. 

Haghighat, N., Vafa, M., Eghtesadi, S., Heidari, I., Hosseini, A., & Rostami, 

A. (2014). The effects of tocotrienols added to canola oil on 

microalbuminuria, inflammation, and nitrosative stress in patients with 

type 2 diabetes: a randomized, double-blind, placebo-controlled trial. 

International Journal of Preventive Medicine, 5(5), 617. 

Hagiuda, J., Ishikawa, H., Furuuchi, T., Hanawa, Y., & Marumo, K. (2014). 

Relationship between dyslipidaemia and semen quality and serum sex 

hormone levels: An infertility study of 167 Japanese patients. 

Andrologia, 46(2), 131–135. https://doi.org/10.1111/and.12057 

Hall, J. E., & Hall, M. E. (2020). Guyton and Hall textbook of medical 

physiology e-Book. Elsevier Health Sciences. 

Hammoud, A. O., Gibson, M., Peterson, C. M., Hamilton, B. D., & Carrell, 

D. T. (2006). Obesity and male reproductive potential. Journal of 

andrology, 27(5), 619-626.  

https://doi.org/10.1111/and.12057


References 

163 
 

Hariri, N., & Thibault, L. (2010). High-fat diet-induced obesity in animal 

models. Nutrition Research Reviews, 23(2), 270–299. 

Harrold, J. A., Williams, G., & Widdowson, P. S. (2000). Early leptin 

response to a palatable diet predicts dietary obesity in rats: key role of 

melanocortin‐4 receptors in the ventromedial hypothalamic nucleus. 

Journal of neurochemistry, 74(3), 1224-1228. 

Heilbronn, L. K., & Campbell, L. V. (2008). Adipose tissue macrophages, 

low grade inflammation and insulin resistance in human obesity. 

Current pharmaceutical design, 14(12), 1225-1230. 

Hekimoğlu, A. (2006). Leptin ve fizyopatolojik olaylardaki rolü. Dicle Tıp 

Dergisi, 33(4), 259-267.9-267. 

Henegar, J. R., Bigler, S. A., Henegar, L. K., Tyagi, S. C., & Hall, J. E. 

(2001). Functional and structural changes in the kidney in the early 

stages of obesity. Journal of the American Society of Nephrology, 12(6), 

1211-1217. 

Heng, E. C., Karsani, S. A., Abdul Rahman, M., Abdul Hamid, N. A., 

Hamid, Z., & Wan Ngah, W. Z. (2013). Supplementation with 

tocotrienol-rich fraction alters the plasma levels of Apolipoprotein AI 

precursor, Apolipoprotein E precursor, and C-reactive protein precursor 

from young and old individuals. European journal of nutrition, 52, 

1811-1820. 

Heng, K. S., Hejar, A., Johnson, S. J., Ooi, C. P., & Loh, S. P. (2015). 

Potential of mixed tocotrienol supplementation to reduce cholesterol and 

cytokines level in adults with metabolic syndrome. Malaysian Journal 

of Nutrition, 21(2). 

Herńandez, G. N., Dabin, C. D., del C. Gayol, M., & Rasia, M. L. (2002). 



References 

164 
 

Haemorheological variables in a rat model of hypertriglyceridaemic 

obesity and diabetes. Veterinary research communications, 26, 625-635. 

Hernández, G. N., Luis, C., & Rasia, M. L. (2004). Effect of food restriction 

on hemorheological variables in a rat model of spontaneous 

hypertriglyceridemic obesity and diabetes. Clinical hemorheology and 

microcirculation, 31(2), 81-87. 

Heymsfield, S. B., & Wadden, T. A. (2017). Mechanisms, pathophysiology, 

and management of obesity. New England Journal of Medicine, 376(3), 

254–266. 

Holland, W. L., Adams, A. C., Brozinick, J. T., Bui, H. H., Miyauchi, Y., 

Kusminski, C. M., Bauer, S. M., Wade, M., Singhal, E., & Cheng, C. C. 

(2013). An FGF21-adiponectin-ceramide axis controls energy 

expenditure and insulin action in mice. Cell Metabolism, 17(5), 790–

797. 

Holland, W. L., Brozinick, J. T., Wang, L. P., Hawkins, E. D., Sargent, K. 

M., Liu, Y., ... & Summers, S. A. (2007). Inhibition of ceramide 

synthesis ameliorates glucocorticoid-, saturated-fat-, and obesity-

induced insulin resistance. Cell metabolism, 5(3), 167-179. 

Holtkamp, K., Hebebrand, J., Mika, C., Heer, M., Heussen, N., & Herpertz-

Dahlmann, B. (2004). High serum leptin levels subsequent to weight 

gain predict renewed weight loss in patients with anorexia 

nervosa. Psychoneuroendocrinology, 29(6), 791-797. 

Hotamisligil, G. S., & Bernlohr, D. A. (2015). Metabolic functions of 

FABPs—mechanisms and therapeutic implications. Nature Reviews 

Endocrinology, 11(10), 592-605. 

Hsu, F.-Y., Yang, S.-C., Suk, F.-M., Shirakawa, H., Chiu, W.-C., & Liao, 



References 

165 
 

Y.-J. (2024). Dietary rice bran attenuates hepatic stellate cell activation 

and liver fibrosis in mice through enhancing antioxidant ability. The 

Journal of Nutritional Biochemistry, 109565. 

Huerta-Delgado, A. S., Roffe-Vazquez, D. N., Gonzalez-Gil, A. M., 

Villarreal-Calderón, J. R., Tamez-Rivera, O., Rodriguez-Gutierrez, N. 

A., Castillo, E. C., Silva-Platas, C., Garcia-Rivas, G., & Elizondo-

Montemayor, L. (2020). Serum Irisin Levels, Endothelial Dysfunction, 

and Inflammation in Pediatric Patients with Type 2 Diabetes Mellitus 

and Metabolic Syndrome. Journal of Diabetes Research, 2020.  

Huynh, F. K., Neumann, U. H., Wang, Y., Rodrigues, B., Kieffer, T. J., & 

Covey, S. D. (2013). A role for hepatic leptin signaling in lipid 

metabolism via altered very low density lipoprotein composition and 

liver lipase activity in mice. Hepatology, 57(2), 543–554. 

Ihedioha, J. I., Noel-Uneke, O. A., & Ihedioha, T. E. (2013). Reference 

values for the serum lipid profile of albino rats (Rattus norvegicus) of 

varied ages and sexes. Comparative Clinical Pathology, 22, 93-99. 

Ima-Nirwana, S; Nurshazwani, Y; Nazrun, A S; Norliza, M and Norazlina, 

M (2011). Subacute and subchronic toxicity studies of palm vitamin E 

in mice. J. Pharmocol. Toxicol. 6: 166- 173 

Irandoost, P., Ebrahimi-Mameghani, M., & Pirouzpanah, S. (2013). Does 

grape seed oil improve inflammation and insulin resistance in 

overweight or obese women?. International Journal of Food Sciences 

and Nutrition, 64(6), 706–710. 

Irandoost, P., Mesri Alamdari, N., Saidpour, A., Shidfar, F., Roshanravan, 

N., Asghari Jafarabadi, M., ... & Vafa, M. (2020). The effects of royal 

jelly and tocotrienol‐rich fraction on impaired glycemic control and 



References 

166 
 

inflammation through irisin in obese rats. Journal of Food 

Biochemistry, 44(12), e13493. 

Itani, S. I., Ruderman, N. B., Schmieder, F., & Boden, G. (2002). Lipid-

induced insulin resistance in human muscle is associated with changes 

in diacylglycerol, protein kinase C, and IκB-α. Diabetes, 51(7), 2005-

2011.  

Jaafar, F., Abdullah, A., & Makpol, S. (2018). Cellular uptake and 

bioavailability of tocotrienol-rich fraction in SIRT1-inhibited human 

diploid fibroblasts. Scientific reports, 8(1), 10471. 

Jayusman, P. A., Budin, S. B., Ghazali, A. R., Taib, I. S., & Louis, S. R. 

(2014). Effects of palm oil tocotrienol-rich fraction on biochemical and 

morphological alterations of liver in fenitrothion-treated rats. Pakistan 

Journal of Pharmaceutical Sciences, 27(6), 1873–1880. 

Jayusman, P. A., Budin, S. B., Taib, I. S., & Ghazali, A. R. (2017). The effect 

of tocotrienol-rich fraction on oxidative liver damage induced by 

fenitrothion. Sains Malaysiana, 46(9), 1603–1609. 

https://doi.org/10.17576/jsm-2017-4609-32 

Jegede, A. I., Offor, U., Azu, O. O., & Akinloye, O. (2015). Red Palm Oil 

attenuates lead acetate induced testicular damage in adult male Sprague-

Dawley rats. Evidence-Based Complementary and Alternative 

Medicine, 2015. 

Jing, J., Peng, Y., Fan, W., Han, S., Peng, Q., Xue, C., Qin, X., Liu, Y., & 

Ding, Z. (2023). Obesity‐induced oxidative stress and mitochondrial 

dysfunction negatively affect sperm quality. FEBS Open Bio, 1–16.  

Johnson, C. B., Davis, M. K., Law, A., & Sulpher, J. (2016). Shared risk 

factors for cardiovascular disease and cancer: implications for 



References 

167 
 

preventive health and clinical care in oncology patients. Canadian 

Journal of Cardiology, 32(7), 900-907. 

Johnson-Wimbley, T. D., & Graham, D. Y. (2011). Diagnosis and 

management of iron deficiency anemia in the 21st century. Therapeutic 

advances in Gastroenterology, 4(3), 177-184. 

Kahn, B. E., & Brannigan, R. E. (2017). Obesity and male infertility. Current 

Opinion in Urology, 27(5), 441–445. 

Kahn, S. E., Hull, R. L., & Utzschneider, K. M. (2006). Mechanisms linking 

obesity to insulin resistance and type 2 diabetes. Nature, 444(7121), 

840–846. https://doi.org/10.1038/nature05482 

Kameshwaran, S., Jothimanivannan, C., Senthilkumar, R., & Kothai, A. R. 

(2013). Anti-obesity and hypolipidemic activity of methanol extract of 

tecoma stans flowers on atherogenic diet induced obesity in rats. 

Pharmacologia, 4(2), 77-81. 

Karaçor, K., Meryem, Ç. A. M., Orhan, N., Coşgun, E., & Demirin, H. 

(2014). High fatty diet effects on rat liver. European journal of general 

medicine, 11(2), 99-108.  

Karnafel, W., & Możejko-Pastewka, B. (2015). Obesity and the risk of type 

2 diabetes mellitus and certain types of cancer. Clinical Diabetology, 

4(4), 163-171.  

Kato, Y., Aoki, Y., Kiyose, C., & Fukui, K. (2022). Tocotrienols attenuate 

white adipose tissue accumulation and improve serum cholesterol 

concentration in high-fat diet-treated mice. Molecules, 27(7), 2188.   

Kato, Y., Uchiumi, H., Usami, R., Takatsu, H., Aoki, Y., Yanai, S., Endo, 

S., & Fukui, K. (2021). Tocotrienols reach the brain and play roles in the 

https://doi.org/10.1038/nature05482


References 

168 
 

attenuation of body weight gain and improvement of cognitive function 

in high-fat diet-treated mice. Journal of Clinical Biochemistry and 

Nutrition, 69(3), 256–264.  

Kayhan, K., Meryem, Ç. A. M., Orhan, N., Coşgun, E., & Demirin, H. 

(2014). High fatty diet effects on rat liver. European journal of general 

medicine, 11(2), 99-108. 

Kershaw, E. E., & Flier, J. S. (2004). Adipose tissue as an endocrine organ. 

The Journal of Clinical Endocrinology & Metabolism, 89(6), 2548-

2556.  

KhalilI, H; Dayeh, B A and Friedman, L S (2011). Assessment of liver 

function in clinical practice. Chronic Liver Failure (Gines, P; Kamath, P 

S and Arroyo, V eds.). Humana Press, New York, USA. p. 47-76.  

Khan, M. R., Siddiqui, S., Parveen, K., Javed, S., Diwakar, S., & Siddiqui, 

W. A. (2010). Nephroprotective action of tocotrienol-rich fraction 

(TRF) from palm oil against potassium dichromate (K2Cr2O7)-induced 

acute renal injury in rats. Chemico-Biological Interactions, 186(2), 228–

238. 

Khor, B.-H., Tiong, H.-C., Tan, S. C., Wong, S. K., Chin, K.-Y., Karupaiah, 

T., Ima-Nirwana, S., & Abdul Gafor, A. H. (2021). Effects of 

tocotrienols supplementation on markers of inflammation and oxidative 

stress: A systematic review and meta-analysis of randomized controlled 

trials. PloS One, 16(7), e0255205. 

Kim, J.-Y., Van De Wall, E., Laplante, M., Azzara, A., Trujillo, M. E., 

Hofmann, S. M., Schraw, T., Durand, J. L., Li, H., & Li, G. (2007). 

Obesity-associated improvements in metabolic profile through 

expansion of adipose tissue. The Journal of Clinical Investigation, 



References 

169 
 

117(9), 2621–2637. 

Kim, Y., Natarajan, S. K., & Chung, S. (2018). Gamma-tocotrienol atten- 

uates the hepatic inflammation and fibrosis by suppressing endo- 

plasmic reticulum stress in mice. Molecular Nutrition & Food Research, 

62(21), 1800519. https://doi.org/10.1002/mnfr.20180 0519 

Kim, Y., Wang, W., Okla, M., Kang, I., Moreau, R., & Chung, S. (2016). 

Suppression of NLRP3 inflammasome by γ-tocotrienol ameliorates type 

2 diabetes. Journal of Lipid Research, 57(1), 66–76. 

Kivrak, E. G., Aydin, I., Tümentemur, G., Zuhal Altunkaynak, B., & Kaplan, 

S. (2013). Effects of leptin on histomorphometry of liver in high-fat diet 

fed obese rats. In Ondokuz Mayis Universitesi Tip Dergisi , 30( 2) 141–

145). Ondokuz Mayis Universitesi.  

Klein, S., Coppack, S. W., Mohamed-Ali, V., & Landt, M. (1996). Adipose 

tissue leptin production and plasma leptin kinetics in humans. Diabetes, 

45(7), 984–987. 

Kleinert, M., Clemmensen, C., Hofmann, S. M., Moore, M. C., Renner, S., 

Woods, S. C., Huypens, P., Beckers, J., De Angelis, M. H., & 

Schürmann, A. (2018). Animal models of obesity and diabetes mellitus. 

Nature Reviews Endocrinology, 14(3), 140–162. 

Koch, C. E., Lowe, C., Pretz, D., Steger, J., Williams, L. M., & Tups, A. 

(2014). High‐fat diet induces leptin resistance in leptin‐deficient mice. 

Journal of Neuroendocrinology, 26(2), 58–67. 

Koerner, A., Kratzsch, J., & Kiess, W. (2005). Adipocytokines: leptin—the 

classical, resistin—the controversical, adiponectin—the promising, and 

more to come. Best practice & research Clinical endocrinology & 

metabolism, 19(4), 525-546. 

https://doi.org/10.1002/mnfr.20180%200519


References 

170 
 

Kok-Yong, C. (2019). The Effects of Annatto Tocotrienol on Body 

Composition and Serum Adiponectin, Leptin and Glucose Level in a Rat 

Model of Androgen Deficiency Induced by Buserelin. Medicine & 

Health, 14(2), 168–179.  

Korkmaz, H. A., & Özkan, B. (2022). Impact of Obesity on Bone 

Metabolism in Children. Journal of Pediatric Endocrinology and 

Metabolism, 35(5), 557-565. 

Krishna, K. B., Stefanovic‐Racic, M., Dedousis, N., Sipula, I., & O'Doherty, 

R. M. (2016). Similar degrees of obesity induced by diet or aging cause 

strikingly different immunologic and metabolic outcomes. 

Physiological reports, 4(6), e12708. 

Kubant, R., Poon, A. N., Sánchez-Hernández, D., Domenichiello, A. F., 

Huot, P. S. P., Pannia, E., ... & Anderson, G. H. (2015). A comparison 

of effects of lard and hydrogenated vegetable shortening on the 

development of high-fat diet-induced obesity in rats. Nutrition & 

diabetes, 5(12), e188-e188.  

Kyrou I, Randeva HS, Tsigos C, et al. Clinical Problems Caused by Obesity. 

[Updated 2018 Jan 11]. In: Feingold KR, Anawalt B, Boyce A, et al., 

editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 

2000-. Available from:   

https://www.ncbi.nlm.nih.gov/books/NBK278973/   

Fleur, S. E., Van Rozen, A. J., Luijendijk, M. C. M., Groeneweg, F., & Adan, 

R. A. H. (2010). A free-choice high-fat high-sugar diet induces changes 

in arcuate neuropeptide expression that support hyperphagia. 

International journal of obesity, 34(3), 537-546. 

Lago, F., Dieguez, C., Gómez-Reino, J., & Gualillo, O. (2007). The 

https://www.ncbi.nlm.nih.gov/books/NBK278973/


References 

171 
 

emerging role of adipokines as mediators of inflammation and immune 

responses. Cytokine & growth factor reviews, 18(3-4), 313-325. 

Lalanza, J. F., & Snoeren, E. M. S. (2021). The cafeteria diet: a standardized 

protocol and its effects on behavior. Neuroscience & Biobehavioral 

Reviews, 122, 92–119. 

Lapa, C., Arias-Loza, P., Hayakawa, N., Wakabayashi, H., Werner, R. A., 

Chen, X., ... & Higuchi, T. (2017). Whitening and impaired glucose 

utilization of brown adipose tissue in a rat model of type 2 diabetes 

mellitus. Scientific reports, 7(1), 16795.  

Lee, H., & Lim, Y. (2018). Tocotrienol-rich fraction supplementation re- 

duces hyperglycemia-induced skeletal muscle damage through reg- 

ulation of insulin signaling and oxidative stress in type 2 diabetic mice. 

The Journal of Nutritional Biochemistry, 57, 77–85. https://doi. 

org/10.1016/j.jnutb io.2018.03.016 

Lee, Y. J., Huzwah, K., & Sukardi, S. (2016). Effects of Tocotrienols on 

Sperm Parameters , Testes Weight and Ultrastructure in Sprague Dawley 

Rats. IOSR Journal of Pharmacy and Biological Sciences, 11(6), 73–79. 

https://doi.org/10.9790/3008-1106047379 

Leisegang, K., Bouic, P. J., Menkveld, R., & Henkel, R. R. (2014). Obesity 

is associated with increased seminal insulin and leptin alongside reduced 

fertility parameters in a controlled male cohort. Reproductive Biology 

and Endocrinology, 12, 1-12.  

leur, S. E., Luijendijk, M. C., van der Zwaal, E. M., Brans, M. A. D., & Adan, 

R. A. H. (2014). The snacking rat as model of human obesity: effects of 

a free-choice high-fat high-sugar diet on meal patterns. International 

Journal of Obesity, 38(5), 643-649. 

https://doi.org/10.9790/3008-1106047379


References 

172 
 

Levy, R. I., Bilheimer, D. W., & Eisenberg, S. H. L. O. M. O. (1971, 

January). The structure and metabolism of chylomicrons and very low 

density lipoproteins (VLDL). In Biochemical Society Symposium 33, ( 

3-17). 

Li, F., Tan, W., Kang, Z., & Wong, C. W. (2010). Tocotrienol enriched palm 

oil prevents atherosclerosis through modulating the activities of 

peroxisome proliferators-activated receptors. Atherosclerosis, 211(1), 

278–282. https://doi.org/10.1016/j.atherosclerosis.2010.01.015 

Li, F., Xu, B., Soltanieh, S., Zanghelini, F., Abu-Zaid, A., & Sun, J. (2022a). 

The effects of tocotrienols intake on obesity, blood pressure, 

inflammation, liver and glucose biomarkers: a meta-analysis of 

randomized controlled trials. Critical Reviews in Food Science and 

Nutrition, 62(26), 7154–7167. 

Li, J., Huang, M., & Shen, X. (2014). The association of oxidative stress and 

pro-inflammatory cytokines in diabetic patients with hyperglycemic 

crisis. Journal of Diabetes and its Complications, 28(5), 662-666. 

Li, J., Yi, X., Li, T., Yao, T., Li, D., Hu, G., Ma, Y., Chang, B., & Cao, S. 

(2022 b). Effects of exercise and dietary intervention on muscle, adipose 

tissue, and blood IRISIN levels in obese male mice and their relationship 

with the beigeization of white adipose tissue. Endocrine Connections, 

11(3). https://doi.org/10.1530/EC-21-0625 

Li, S., Shin, H. J., Ding, E. L., & van Dam, R. M. (2009). Adiponectin levels 

and risk of type 2 diabetes: a systematic review and meta-

analysis. Jama, 302(2), 179-188. 

Lin, G. Y., Ming, L. O., How, C. B., Hay, Y. K., Nesaretnam, K., Kim-Tiu, 

T., Selvaduray, K. R., Meganathan, P. W., & Yen, F. J. (2016). Safety 

https://doi.org/10.1016/j.atherosclerosis.2010.01.015
https://doi.org/10.1530/EC-21-0625


References 

173 
 

Assessment of tocotrienol supplementation in subjects with metabolic 

syndrome: A randomised control trial. Journal of Oil Palm Research, 

28(1), 34–43. https://doi.org/10.21894/jopr.2016.2801.05 

Liu, K. Y., & Jiang, Q. (2020). Tocopherols and tocotrienols are bioavailable 

in rats and primarily excreted in feces as the intact forms and 13′-

carboxychromanol metabolites. The Journal of nutrition, 150(2), 222-

230. 

Liu, S., Du, F., Li, X., Wang, M., Duan, R., Zhang, J., Wu, Y., & Zhang, Q. 

(2017). Effects and underlying mechanisms of irisin on the proliferation 

and apoptosis of pancreatic β cells. PLoS ONE, 12(4). 

https://doi.org/10.1371/journal.pone.0175498 

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene 

expression data using real-time quantitative PCR and the 2− ΔΔCT 

method. methods, 25(4), 402-408. 

Lodge, J. K., Ridlington, J., Leonard, S., Vaule, H., & Traber, M. G. (2001). 

α‐and γ‐tocotrienols are metabolized to carboxyethyl‐hydroxychroman 

derivatives and excreted in human urine. Lipids, 36(1), 43-48.  

Loos, R. J. F., & Yeo, G. S. H. (2022a). The genetics of obesity : from 

discovery to biology. 23(February).  

Loos, R. J. F., & Yeo, G. S. H. (2022b). The genetics of obesity: from 

discovery to biology. Nature Reviews Genetics, 23(2), 120–133.  

Lording, P.M., & Friend, S.C.E. (1991) Data analyasis guide. Interpretation 

of laboratory results. Aust Vet Pract J.,(21): 186-95. 

Lui, P. P. Y., & Yung, P. S. H. (2021). Inflammatory mechanisms linking 

obesity and tendinopathy. Journal of Orthopaedic Translation, 31, 80-

https://doi.org/10.1371/journal.pone.0175498


References 

174 
 

90.  

Lutz, T. A., & Woods, S. C. (2012). Overview of animal models of obesity. 

Current Protocols in Pharmacology, Chapter 5, Unit5.61.  

Madhuvanthi, M., & Lathadevi, G. V. (2016). Serum proteins alteration in 

association with body mass index in human volunteers. Journal of 

Clinical and Diagnostic Research: JCDR, 10(6), CC05. 

Madkhali, H. A. (2020). Morin attenuates high-fat diet induced-obesity 

related vascular endothelial dysfunction in Wistar albino rats. Saudi 

Pharmaceutical Journal, 28(3), 300-307. 

Magosso, E., Ansari, M. A., Gopalan, Y., Shuaib, I. L., Wong, J. W., Khan, 

N. A. K., ... & Yuen, K. H. (2013). Tocotrienols for normalisation of 

hepatic echogenic response in nonalcoholic fatty liver: a randomised 

placebo-controlled clinical trial. Nutrition journal, 12(1), 1-8. 

Mahanem, M. N., Nor-Asmaniza, A. B., Phang, H. T., & Muhammad, H. R. 

(2006). Effects of nicotine and co-administration of nicotine and vitamin 

E on testis and sperm quality of adult rats. Malaysian Applied Biology, 

35(2), 47. 

Mahgoub, Mohamed Omer Sirelkhatim, "Biochemical and biological effects 

of irisin in a model of diabetes mellitus" (2018). Dissertations. 77.  

Mahjabeen, W., Khan, D. A., Mirza, S. A., & Pervez, M. A. (2021). Effects 

of delta‐tocotrienol supplementation on glycemic control, oxidative 

stress, inflammatory biomarkers and miRNA expression in type 2 

diabetes mellitus: a randomized control trial. Phytotherapy 

Research, 35(7), 3968-3976. 

Mahmoodnia, L., Sadoughi, M., Ahmadi, A., & Kafeshani, M. (2017). 



References 

175 
 

Relationship between serum irisin, glycemic indices, and renal function 

in type 2 diabetic patients. Journal of Renal Injury Prevention, 6(2), 88–

92.  

Malik, V. S., Willett, W. C., & Hu, F. B. (2013). Global obesity: trends, risk 

factors and policy implications. Nature reviews endocrinology, 9(1), 13-

27. 

Mantzoros, C. S. (1999). The role of leptin in human obesity and disease: a 

review of current evidence. Annals of internal medicine, 130(8), 671-

680. 

Marcelin, G., Silveira, A. L. M., Martins, L. B., Ferreira, A. V. M., & 

Clément, K. (2019). Deciphering the cellular interplays underlying 

obesity-induced adipose tissue fibrosis. The Journal of Clinical 

Investigation, 129(10), 4032–4040. 

Marques, C., Meireles, M., Norberto, S., Leite, J., Freitas, J., Pestana, D., 

Faria, A., & Calhau, C. (2016). High-fat diet-induced obesity Rat model: 

a comparison between Wistar and Sprague-Dawley Rat. Adipocyte, 5(1), 

11–21. https://doi.org/10.1080/21623945.2015.1061723 

Marrano, N., Biondi, G., Borrelli, A., Cignarelli, A., Perrini, S., Laviola, L., 

... & Natalicchio, A. (2021). Irisin and incretin hormones: Similarities, 

differences, and implications in type 2 diabetes and 

obesity. Biomolecules, 11(2), 286. 

Masi, L. N., Martins, A. R., Crisma, A. R., do Amaral, C. L., Davanso, M. 

R., Serdan, T. D. A., ... & Curi, R. (2017). Combination of a high-fat 

diet with sweetened condensed milk exacerbates inflammation and 

insulin resistance induced by each separately in mice. Scientific 

reports, 7(1), 3937. 



References 

176 
 

Matsunaga, T., Shoji, A., Gu, N., Joo, E., Li, S., Adachi, T., Yamazaki, H., 

Yasuda, K., Kondoh, T., & Tsuda, K. (2012). γ-Tocotrienol attenuates 

TNF-α-induced changes in secretion and gene expression of MCP-1, IL-

6 and adiponectin in 3T3-L1 adipocytes. Molecular Medicine Reports, 

5(4), 905–909. 

Maysami, S., Haley, M. J., Gorenkova, N., Krishnan, S., McColl, B. W., & 

Lawrence, C. B. (2015). Prolonged diet-induced obesity in mice 

modifies the inflammatory response and leads to worse outcome after 

stroke. Journal of neuroinflammation, 12(1), 1-12. 

Mazur-Biały, A., Bilski, J., Pocheć, E., & Brzozowski, T. (2017). New 

insight into the direct anti-inflammatory activity of a myokine irisin 

against proinflammatory activation of adipocytes: Implication for 

exercise in obesity. Journal of Physiology and Pharmacology, 68(2). 

Meeker JD, Godfrey-Bailey L & Hauser R. (2007) Relationships 

betweenserum hormone levels and semen quality among men from an 

infertility clinic. J Androl 28, 397–406.  

Mescher, A. L. (2010). Junqueira , s basic histology text and atlas. 12th 

edition: 1-5. 

Mesri Alamdari, N., Irandoost, P., Roshanravan, N., Vafa, M., Asghari 

Jafarabadi, M., Alipour, S., Roshangar, L., Alivand, M., Farsi, F., & 

Shidfar, F. (2020). Effects of Royal Jelly and Tocotrienol Rich Fraction 

in obesity treatment of calorie-restricted obese rats: a focus on white fat 

browning properties and thermogenic capacity. Nutrition & Metabolism, 

17(1), 1–13. 

Meydani M. (1995).Vitamin E. Lancet;345:170–5.  

Michalakis, K., Mintziori, G., Kaprara, A., Tarlatzis, B. C., & Goulis, D. G. 



References 

177 
 

(2013). The complex interaction between obesity, metabolic syndrome 

and reproductive axis: a narrative review. Metabolism, 62(4), 457-478. 

Michihara, A., Ogawa, S., Kamizaki, Y., & Akasaki, K. (2010). Effect of 

delta-tocotrienol on melanin content and enzymes for melanin synthesis 

in mouse melanoma cells. Biological and Pharmaceutical 

Bulletin, 33(9), 1471-1476. 

Mohamad Na’im, N. A., Wan Ibrahim, W. N. H., Nordin, M., Mohamed, R., 

& Mohd Mutalip, S. S. (2023). Effect of delta (δ)-tocotrienol 

supplementation on the Blood Follicle-stimulating Hormone (FSH) and 

Luteinising Hormone (LH) levels in female mice: a preliminary study. 

International Journal of Pharmaceutical, Nutraceutical and Cosmetic 

Science (IJPNaCS), 6(1), 1–5. 

Mohamad, N. V, Ima-Nirwana, S., & Chin, K. Y. (2019). The Effects of 

Annatto Tocotrienol on Body Composition and Serum Adiponectin, 

Leptin and Glucose Level in a Rat Model of Androgen Deficiency 

Induced by Buserelin. Medicine & Health, 14(2). 

Mohamed, A. S., Ibrahim, W. M., Zaki, N. I., Ali, S. B., & Soliman, A. M. 

(2019). Effectiveness of coelatura aegyptiaca extract combination with 

atorvastatin on experimentally induced hyperlipidemia in 

rats. Evidence-Based Complementary and Alternative Medicine, 2019. 

Moreno-Fernández, S., Garcés-Rimón, M., Vera, G., Astier, J., Landrier, J. 

F., & Miguel, M. (2018). High fat/high glucose diet induces metabolic 

syndrome in an experimental rat model. Nutrients, 10(10), 1502. 

Morioka, T., Mori, K., Motoyama, K., & Emoto, M. (2016). Ectopic fat 

accumulation and glucose homeostasis: role of leptin in glucose and 

lipid metabolism and mass maintenance in skeletal 



References 

178 
 

muscle. Musculoskeletal Disease Associated with Diabetes Mellitus, 

201-213. 

MOUMENI, H. R., SOLEYMANI, M. M., ABNOUSI, M. H., & 

MAHMOUDI, M. (2009). Effects of vitamin E on sperm parameters and 

reproductive hormones in developing rats treated with para-

nonylphenol. 

Mouton, A. J., Li, X., Hall, M. E., & Hall, J. E. (2020). Obesity, 

hypertension, and cardiac dysfunction: novel roles of 

immunometabolism in macrophage activation and inflammation. 

Circulation Research, 126(6), 789–806. 

Muniz, L. B., Alves-Santos, A. M., Camargo, F., Martins, D. B., Celes, M. 

R. N., & Naves, M. M. V. (2019). High-lard and high-cholesterol diet, 

but not high-lard diet, leads to metabolic disorders in a modified 

dyslipidemia model. Arquivos brasileiros de cardiologia, 113, 896-902. 

mura, H., Furukawa, F., Nishikawa, A., Miyauchi, M., Son, H. Y., Imazawa, 

T., & Hirose, M. (2001). Oral toxicity of a tocotrienol preparation in rats. 

Food and Chemical Toxicology, 39(8), 799–805.  

Musialik, K., Szulińska, M., Bogdański, P., Hen, K., & Skrypnik, D. (2017). 

The relation between osteoprotegerin, inflammatory processes, and 

atherosclerosis in patients with metabolic syndrome. European Review 

for Medical & Pharmacological Sciences, 21(19). 

Mutalib, M. S. A., Khaza'ai, H., & Wahle, K. W. (2003). Palm-tocotrienol 

rich fraction (TRF) is a more effective inhibitor of LDL oxidation and 

endothelial cell lipid peroxidation than α-tocopherol in vitro. Food 

research international, 36(5), 405-413. 

Muto, C., Yachi, R., Aoki, Y., Koike, T., Igarashi, O., & Kiyose, C. (2013). 



References 

179 
 

Gamma-tocotrienol reduces the triacylglycerol level in rat primary 

hepatocytes through regulation of fatty acid metabolism. Journal of 

Clinical Biochemistry and Nutrition, 52(1), 32–37. 

https://doi.org/10.3164/jcbn.12-97 

Nadulska, A., Szwajgier, D., & Opielak, G. (2017). Obesity and metabolic 

syndrome. MEDtube Science, 1, 35-43. 

Nafeeza, M. I., Norzana, A. G., Jalaluddin, H. L., & Gapor, M. T. (2001). 

The effects of a tocotrienol-rich fraction on experimentally induced 

atherosclerosis in the aorta of rabbits. The Malaysian Journal of 

Pathology, 23(1), 17–25. 

Nakamura, H., Furukawa, F., Nishikawa, A., Miyauchi, M., Son, H. Y., 

Imazawa, T., & Hirose, M. (2001). Oral toxicity of a tocotrienol 

preparation in rats. Food and Chemical Toxicology, 39(8), 799–805. 

https://doi.org/10.1016/S0278-6915(01)00025-4 

Napolitano, G., Fasciolo, G., Di Meo, S., & Venditti, P. (2019). Vitamin E 

supplementation and mitochondria in experimental and functional 

hyperthyroidism: a mini-review. Nutrients, 11(12), 2900. 

Nesaretnam, K., Selvaduray, K. R., Abdul Razak, G., Veerasenan, S. D., & 

Gomez, P. A. (2010). Effectiveness of tocotrienol-rich fraction 

combined with tamoxifen in the management of women with early 

breast cancer: a pilot clinical trial. Breast Cancer Research, 12(5), 1-8.  

Ng, A. C. T., Delgado, V., Borlaug, B. A., & Bax, J. J. (2021). Diabesity: the 

combined burden of obesity and diabetes on heart disease and the role 

of imaging. Nature Reviews Cardiology, 18(4), 291–304. 

Nigro, E., Scudiero, O., Monaco, M. L., Polito, R., Schettino, P., Grandone, 

A., Perrone, L., Del Giudice, E. M., & Daniele, A. (2017). Adiponectin 



References 

180 
 

profile and Irisin expression in Italian obese children: Association with 

insulin-resistance. Cytokine, 94, 8–13. 

Nilsson, C., Raun, K., Yan, F. F., Larsen, M. O., & Tang-Christensen, M. 

(2012). Laboratory animals as surrogate models of human obesity. Acta 

Pharmacologica Sinica, 33(2), 173-181.  

Nofer, J. R., Kehrel, B., Fobker, M., Levkau, B., Assmann, G., & von 

Eckardstein, A. (2002). HDL and arteriosclerosis: beyond reverse 

cholesterol transport. Atherosclerosis, 161(1), 1-16.  

Novelli, E.L.b.; Diniz, Y.S.; Galhardi, C.M.; Ebaid, G.M.X.; Rodrigues, 

H.G.;Mani, F.; Fernandes, A.A.H.; Cicogna, A.C. and Filho, 

J.L.V.B.N.(2007).Anthropometrical parameters and markers of obesity 

in rats. Lab. Anima., 41;111–119. 

Olsen, M. K., Johannessen, H., Cassie, N., Barrett, P., Takeuchi, K., 

Kulseng, B., ... & Zhao, C. M. (2017). Steady-state energy balance in 

animal models of obesity and weight loss. Scandinavian journal of 

gastroenterology, 52(4), 442-449. 

Omar, B., Pacini, G., & Ahrén, B. (2012). Differential development of 

glucose intolerance and pancreatic islet adaptation in multiple diet 

induced obesity models. Nutrients, 4(10), 1367–1381. 

Omer, T. (2020). The causes of obesity: an in-depth review. Adv Obes 

Weight Manag Control, 10(4), 90-94. 

Onal, G., Kutlu, O., Gozuacik, D., & Dokmeci Emre, S. (2017). Lipid 

droplets in health and disease. Lipids in health and disease, 16(1), 1-15. 

Ortega‐Loubon, C., Fernández‐Molina, M., Singh, G., & Correa, R. (2019). 

Obesity and its cardiovascular effects. Diabetes/Metabolism Research 



References 

181 
 

and Reviews, 35(4), e3135. 

Othman, A. I., Amer, M. A., Basos, A. S., & El-Missiry, M. A. (2019). 

Moringa oleifera leaf extract ameliorated high-fat diet-induced obesity, 

oxidative stress and disrupted metabolic hormones. Clinical 

phytoscience, 5, 1-10. 

Otto, T. C., & Lane, M. D. (2005). Adipose development: from stem cell to 

adipocyte. Crit Rev Biochem Mol Biol, 40(4), 229-242. 

doi:10.1080/10409230591008189 

Ozer, J., Ratner, M., Shaw, M., Bailey, W., & Schomaker, S. (2008). The 

current state of serum biomarkers of hepatotoxicity. Toxicology, 245(3), 

194-205. 

Palacios‐González, B., Vadillo‐Ortega, F., Polo‐Oteyza, E., Sánchez, T., 

Ancira‐Moreno, M., Romero‐Hidalgo, S., Meráz, N., & Antuna‐Puente, 

B. (2015). Irisin levels before and after physical activity among school‐

age children with different BMI: A direct relation with leptin. Obesity, 

23(4), 729–732. 

Palozza, P., Verdecchia, S., Avanzi, L., Vertuani, S., Serini, S., Iannone, A., 

& Manfredini, S. (2006). Comparative antioxidant activity of 

tocotrienols and the novel chromanyl-polyisoprenyl molecule FeAox-6 

in isolated membranes and intact cells. Molecular and cellular 

biochemistry, 287, 21-32. 

Pang, K. L., & Chin, K. Y. (2019). The role of tocotrienol in protecting 

against metabolic diseases. Molecules, 24(5). 

https://doi.org/10.3390/molecules24050923 

Park, M. Y., & Sung, M. K. (2015). Carnosic acid attenuates obesity‐induced 

glucose intolerance and hepatic fat accumulation by modulating genes 



References 

182 
 

of lipid metabolism in C57BL/6J‐ob/ob mice. Journal of the Science of 

Food and Agriculture, 95(4), 828-835.  

Patel, J., Matnor, N. A., Iyer, A., & Brown, L. (2011). A regenerative 

antioxidant protocol of vitamin E and α-lipoic acid ameliorates 

cardiovascular and metabolic changes in fructose-fed rats. Evidence-

Based Complementary and Alternative Medicine, 2011. 

Patel, P. S., Buras, E. D., & Balasubramanyam, A. (2013). The role of the 

immune system in obesity and insulin resistance. Journal of obesity, 

2013. 

Patel, V., Khanna, S., Roy, S., Ezziddin, O., & Sen, C. K. (2006). Natural 

vitamin E α-tocotrienol: retention in vital organs in response to long-

term oral supplementation and withdrawal. Free radical research, 40(7), 

763-771. 

Patel, V., Rink, C., Gordillo, G. M., Khanna, S., Gnyawali, U., Roy, S., ... & 

Sen, C. K. (2012). Oral tocotrienols are transported to human tissues and 

delay the progression of the model for end-stage liver disease score in 

patients. The Journal of nutrition, 142(3), 513-519. 

Peh, H. Y., Tan, W. D., Liao, W., & Wong, W. F. (2016). Vitamin E therapy 

beyond cancer: Tocopherol versus tocotrienol. Pharmacology & 

therapeutics, 162, 152-169. 

Pepys, M. B., & Hirschfield, G. M. (2003). C-reactive protein: a critical 

update. The Journal of clinical investigation, 111(12), 1805-1812. 

Perakakis, N., Triantafyllou, G. A., Fernández-Real, J. M., Huh, J. Y., Park, 

K. H., Seufert, J., & Mantzoros, C. S. (2017). Physiology and role of 

irisin in glucose homeostasis. Nature reviews endocrinology, 13(6), 324-

337. 



References 

183 
 

Pervez, M. A., Khan, D. A., Gilani, S. T. A., Fatima, S., Ijaz, A., & Nida, S. 

(2023). Hepato-Protective Effects of Delta-Tocotrienol and Alpha-

Tocopherol in Patients with Non-Alcoholic Fatty Liver Disease: 

Regulation of Circulating MicroRNA Expression. International Journal 

of Molecular Sciences, 24(1).  

Pervez, M. A., Khan, D. A., Mirza, S. A., Slehria, A. U. R., Nisar, U., & 

Aamir, M. (2022). Comparison of delta-tocotrienol and alpha-

tocopherol effects on hepatic steatosis and inflammatory biomarkers in 

patients with non-alcoholic fatty liver disease: A randomized double-

blind active-controlled trial. Complementary Therapies in Medicine, 70, 

102866. 

Pervez, M. A., Khan, D. A., Slehria, A. U. R., & Ijaz, A. (2020). Delta-

tocotrienol supplementation improves biochemical markers of 

hepatocellular injury and steatosis in patients with nonalcoholic fatty 

liver disease: A randomized, placebo-controlled trial. Complementary 

Therapies in Medicine, 52, 102494. 

Petelin, A., Kenig, S., Kopinč, R., Deželak, M., Černelič Bizjak, M., & Jenko 

Pražnikar, Z. (2019). Effects of royal jelly administration on lipid 

profile, satiety, inflammation, and antioxidant capacity in asymptomatic 

overweight adults. Evidence-Based Complementary and Alternative 

Medicine, 2019, 1–11.  

Philbrick, K. A., Wong, C. P., Branscum, A. J., Turner, R. T., & Iwaniec, U. 

T. (2017). Leptin stimulates bone formation in ob/ob mice at doses 

having minimal impact on energy metabolism. J Endocrinol, 232(3), 

461-474. 

Piché, M. E., Tchernof, A., & Després, J. P. (2020). Obesity phenotypes, 



References 

184 
 

diabetes, and cardiovascular diseases. Circulation research, 126(11), 

1477-1500. 

Picklo Sr, M. J., Idso, J., Seeger, D. R., Aukema, H. M., & Murphy, E. J. 

(2017). Comparative effects of high oleic acid vs high mixed saturated 

fatty acid obesogenic diets upon PUFA metabolism in mice. 

Prostaglandins, Leukotrienes and Essential Fatty Acids, 119, 25-37. 

Pinheiro-Castro, N., Silva, L. B. A. R., Novaes, G. M., & Ong, T. P. (2019). 

Hypercaloric diet-induced obesity and obesity-related metabolic 

disorders in experimental models. Reviews on Biomarker Studies of 

Metabolic and Metabolism-Related Disorders, 149-161. 

Polyzos, S. A., Anastasilakis, A. D., Efstathiadou, Z. A., Makras, P., 

Perakakis, N., Kountouras, J., & Mantzoros, C. S. (2018). Irisin in 

metabolic diseases. In Endocrine, 59(2), 260–274. Humana Press Inc. 

https://doi.org/10.1007/s12020-017-1476-1 

Polyzos, S. A., Kountouras, J., Shields, K., & Mantzoros, C. S. (2013). Irisin: 

a renaissance in metabolism?. Metabolism, 62(8), 1037-1044. 

Poudyal, H., Panchal, S., & Brown, L. (2010). Comparison of purple carrot 

juice and β-carotene in a high-carbohydrate, high-fat diet-fed rat model 

of the metabolic syndrome. British journal of nutrition, 104(9), 1322-

1332. 

Pradhan, A. D., Manson, J. E., Rifai, N., Buring, J. E., & Ridker, P. M. 

(2001). C-reactive protein, interleukin 6, and risk of developing type 2 

diabetes mellitus. Jama, 286(3), 327-334. 

Prasad, K. (2011). Tocotrienols and cardiovascular health. Current 

Pharmaceutical Design, 17(21), 2147–2154. 



References 

185 
 

Prasad, M., Suman, A., Srivastava, S., & Devhare, L. D. (2023). Butea 

monosperma stem bark extract partially reverses high fat diet-induced 

obesity in rats. Eur. Chem. Bull, 12, 4267-4273. 

Purdy, J. C., & Shatzel, J. J. (2021). The hematologic consequences of 

obesity. European Journal of Haematology, 106(3), 306–319. 

Qureshi, A. A., Bradlow, B. A., Brace, L., Manganello, J., Peterson, D. M., 

Pearce, B. C., ... & Elson, C. E. (1995). Response of 

hypercholesterolemic subjects to administration of tocotrienols. Lipids, 

30(12), 1171-1177. 

Qureshi, A. A., Khan, D. A., Mahjabeen, W., & Qureshi, N. (a2015). Dose-

dependent modulation of lipid parameters, cytokines and RNA by δ-

tocotrienol in hypercholesterolemic subjects restricted to AHA Step-1 

diet. British Journal of Medicine and Medical Research, 6(4), 351-366.  

Qureshi, A. A., Khan, D. A., Mahjabeen, W., Trias, A. M., Silswal, N., & 

Qureshi, N. ( b 2015). Impact of δ-tocotrienol on inflammatory 

biomarkers and oxidative stress in hypercholesterolemic subjects. J Clin 

Exp Cardiolog, 6(367), 2.  

Ranasinghe, R., Mathai, M., & Zulli, A. (2022). Revisiting the therapeutic 

potential of tocotrienol. BioFactors, 48(4), 813–856.  

Rasheed, W. I., Elias, T. R., Ashour, M. N., Agaibyi, M. H., Al Wassif, M., 

Youness, E. R., Abdel Latif, Y., & Nazih, N. (2022). Irisin, an exercise 

stimulated hormone as a metabolic regulator in metabolic syndrome in 

obese rats. Egyptian Journal of Chemistry, 65(12), 397–407. 

Rashid Khan, M., Ahsan, H., Siddiqui, S., & Siddiqui, W. A. (2015). 

Tocotrienols have a nephroprotective action against lipid-induced 

chronic renal dysfunction in rats. Renal Failure, 37(1), 136–143. 



References 

186 
 

Ravisankar, P., Reddy, A. A., Nagalakshmi, B., Koushik, O. S., Vijaya 

Kumar, B., & Anvith, P. S. (2015). The Comprehensive Review on Fat 

Soluble Vitamins. IOSR Journal Of Pharmacy, 5(11), 12–28.  

Rizk, F. H., Elshweikh, S. A., & Abd El-Naby, A. Y. (2016). Irisin levels in 

relation to metabolic and liver functions in Egyptian patients with 

metabolic syndrome. Canadian Journal of Physiology and 

Pharmacology, 94(4), 359–362. 

Roca-Rivada, A., Castelao, C., Senin, L. L., Landrove, M. O., Baltar, J., 

Crujeiras, A. B., Seoane, L. M., Casanueva, F. F., & Pardo, M. (2013). 

FNDC5/irisin is not only a myokine but also an adipokine. PloS One, 

8(4), e60563. 

Rocha-Rodrigues, S., Gonçalves, I. O., Beleza, J., Ascensão, A., & 

Magalhães, J. (2018). Physical exercise mitigates high-fat diet-induced 

adiposopathy and related endocrine alterations in an animal model of 

obesity. Journal of Physiology and Biochemistry, 74(2), 235–246. 

https://doi.org/10.1007/s13105-018-0609-1 

Røder, M. E., Porte Jr, D., Schwartz, R. S., & Kahn, S. E. (1998). 

Disproportionately elevated proinsulin levels reflect the degree of 

impaired B cell secretory capacity in patients with noninsulin-dependent 

diabetes mellitus. The Journal of Clinical Endocrinology & Metabolism, 

83(2), 604-608. 

Rothenbacher, D., Brenner, H., März, W., & Koenig, W. (2005). 

Adiponectin, risk of coronary heart disease and correlations with 

cardiovascular risk markers. European Heart Journal, 26(16), 1640-

1646. 

Sader, S., Nian, M., & Liu, P. (2003). Leptin: a novel link between obesity, 



References 

187 
 

diabetes, cardiovascular risk, and ventricular hypertrophy. Circulation, 

108(6), 644-646. 

Sadowska, J., & Bruszkowska, M. (2017). Comparing the effects of sucrose 

and high-fructose corn syrup on lipid metabolism and the risk of 

cardiovascular disease in male rats. Acta Scientiarum Polonorum 

Technologia Alimentaria, 16(2), 231–240. 

Sáinz, N., Barrenetxe, J., Moreno-Aliaga, M.J. & Martínez, J.A. (2015). 

Leptin resistance and diet-induced obesity: central and peripheral 

actions of leptin. Metabolism, 64, 35–46.  

Sampey, B. P., Vanhoose, A. M., Winfield, H. M., Freemerman, A. J., 

Muehlbauer, M. J., Fueger, P. T., Newgard, C. B., & Makowski, L. 

(2011). Cafeteria diet is a robust model of human metabolic syndrome 

with liver and adipose inflammation: comparison to high‐fat diet. 

Obesity, 19(6), 1109–1117. 

Sasatomi, Y., Tada, M., Uesugi, N., Hisano, S., & Takebayashi, S. (2001). 

Obesity associated with hypertension or hyperlipidemia accelerates 

renal damage. Pathobiology, 69(2), 113-118. 

Scheid, M. P., & Sweeney, G. (2014). The role of adiponectin signaling in 

metabolic syndrome and cancer. Reviews in Endocrine and Metabolic 

Disorders, 15, 157–167. 

Scherer, P. E. (2006). Adipose tissue: from lipid storage compartment to 

endocrine organ. Diabetes, 55(6), 1537–1545. 

Schulze, M. B., Shai, I., Rimm, E. B., Li, T., Rifai, N., & Hu, F. B. (2005). 

Adiponectin and future coronary heart disease events among men with 

type 2 diabetes. Diabetes, 54(2), 534-539. 



References 

188 
 

Sen, C. K., Khanna, S., & Roy, S. (2006). Tocotrienols: Vitamin E beyond 

tocopherols. Life sciences, 78(18), 2088-2098. 

Shawky, S. M. (2015). Effect of short-term high fat diet inducing obesity on 

hematological, some biochemical parameters and testicular oxidative 

stress in male rats. Journal of Advanced Veterinary Research, 5(4), 151–

156. 

Shen, C. L., Klein, A., Chin, K. Y., Mo, H., Tsai, P., Yang, R. Sen, Chyu, 

M. C., & Ima-Nirwana, S. (2017). Tocotrienols for bone health: a 

translational approach. Annals of the New York Academy of Sciences, 

1401(1), 150–165.  

Shen, C. L., Ramamoorthy, S., Kaur, G., Dufour, J. M., Wang, R., Mo, H., 

& Watkins, B. A. (2021). Dietary annatto-extracted tocotrienol reduces 

inflammation and oxidative stress, and improves macronutrient 

metabolism in obese mice: a metabolic profiling study. Nutrients, 13(4). 

https://doi.org/10.3390/nu13041267 

Shen, C.-L., Kaur, G., Wanders, D., Sharma, S., Tomison, M. D., 

Ramalingam, L., Chung, E., Moustaid-Moussa, N., Mo, H., & Dufour, 

J. M. (2018). Annatto-extracted tocotrienols improve glucose 

homeostasis and bone properties in high-fat diet-induced type 2 diabetic 

mice by decreasing the inflammatory response. Scientific Reports, 8(1), 

11377. 

Shi, Y., & Cheng, D. (2009). Beyond triglyceride synthesis: The dynamic 

functional roles of MGAT and DGAT enzymes in energy metabolism. 

American Journal of Physiology - Endocrinology and Metabolism, 

297(1), 10–18.  

Shibata, A., Nakagawa, K., Shirakawa, H., Kobayashi, T., Kawakami, Y., 



References 

189 
 

Takashima, R., Ohashi, A., Sato, S., Ohsaki, Y., Kimura, F., Kimura, T., 

Tsuduki, T., Komai, M., & Miyazawa, T. (2012). Physiological effects 

and tissue distribution from large doses of tocotrienol in rats. Bioscience, 

Biotechnology and Biochemistry, 76(9), 1805–1808.  

Siddiqui, S., Rashid Khan, M., & Siddiqui, W. A. (2010). Comparative 

hypoglycemic and nephroprotective effects of tocotrienol rich fraction 

(TRF) from palm oil and rice bran oil against hyperglycemia induced 

nephropathy in type 1 diabetic rats. Chemico-Biological Interactions, 

188(3), 651–658. 

Sinha-Hikim, A. P., Sinha-Hikim, I., & Friedman, T. C. (2017). Connection 

of nicotine to diet-induced obesity and non-alcoholic fatty liver disease: 

cellular and mechanistic insights. Frontiers in endocrinology, 8, 23. 

Small, L., Brandon, A. E., Turner, N., & Cooney, G. J. (2018). Modeling 

insulin resistance in rodents by alterations in diet: what have high-fat 

and high-calorie diets revealed? American Journal of Physiology-

Endocrinology and Metabolism, 314(3), E251–E265. 

Sollano-Mendieta, X. C., Escalona-Cardoso, G. N., Cano-Europa, E., & 

Paniagua-Castro, N. (2023). Proposal for a metabolic syndrome model 

in CD1 mice induced with a hypercaloric diet. Biotecnia, 25(1), 126–

132. 

Sönmez, M., Yüce, A., & Türk, G. (2007). The protective effects of 

melatonin and vitamin E on antioxidant enzyme activities and 

epididymal sperm characteristics of homocysteine treated male rats. 

Reproductive Toxicology, 23(2), 226–231. 

Srikanthan, K., Feyh, A., Visweshwar, H., Shapiro, J. I., & Sodhi, K. (2016). 

Systematic review of metabolic syndrome biomarkers: a panel for early 



References 

190 
 

detection, management, and risk stratification in the West Virginian 

population. International journal of medical sciences, 13(1), 25. 

Srikanthan, K., Feyh, A., Visweshwar, H., Shapiro, J. I., & Sodhi, K. (2016). 

Systematic review of metabolic syndrome biomarkers: a panel for early 

detection, management, and risk stratification in the West Virginian 

population. International journal of medical sciences, 13(1), 25. 

Steinberger, J., Steffen, L., Jacobs Jr, D. R., Moran, A., Hong, C. P., & 

Sinaiko, A. R. (2003). Relation of leptin to insulin resistance syndrome 

in children. Obesity research, 11(9), 1124-1130.  

Stengel, A., Hofmann, T., Goebel-Stengel, M., Elbelt, U., Kobelt, P., & 

Klapp, B. F. (2013). Circulating levels of irisin in patients with anorexia 

nervosa and different stages of obesity–correlation with body mass 

index. Peptides, 39, 125–130. 

Stern, J. H., Rutkowski, J. M., & Scherer, P. E. (2016). Adiponectin, leptin, 

and fatty acids in the maintenance of metabolic homeostasis through 

adipose tissue crosstalk. Cell metabolism, 23(5), 770-784. 

Stonehouse, W., Brinkworth, G. D., Thompson, C. H., & Abeywardena, M. 

Y. (2016). Short term effects of palm-tocotrienol and palm-carotenes on 

vascular function and cardiovascular disease risk: A randomised 

controlled trial. Atherosclerosis, 254, 205–214.  

Stonehouse, W., Brinkworth, G. D., Thompson, C. H., & Abeywardena, M. 

Y. (2016). Short term effects of palm-tocotrienol and palm-car- otenes 

on vascular function and cardiovascular disease risk: A ran- domised 

controlled trial. Atherosclerosis, 254, 205–214. https://doi. 

org/10.1016/j.ather oscle rosis.2016.10.027 

Stump, C. S., Clark, S. E., & Sowers, J. R. (2005). Oxidative stress in insulin-



References 

191 
 

resistant conditions: cardiovascular implications. Treatments in 

endocrinology, 4, 343-351. 

Suleiman, J. B., Mohamed, M., & Bakar, A. B. A. (2020). A systematic 

review on different models of inducing obesity in animals:  Advantages 

and limitations. Journal of Advanced Veterinary and Animal Research, 

7(1), 103–114.  

Sun, K., Kusminski, C. M., & Scherer, P. E. (2011). Adipose tissue 

remodeling and obesity. The Journal of clinical investigation, 121(6), 

2094-2101. 

Suzana, D., Suyatna, F. D., Andrajati, R., Sari, S. P., & Mun’im, A. (2017). 

Effect of Moringa oleifera leaves extract against hematology and blood 

biochemical value of patients with iron deficiency anemia. Journal of 

Young Pharmacists, 9(1s), S79. 

Suzuki, Y. J., Tsuchiya, M., Wassall, S. R., Choo, Y. M., Govil, G., Kagan, 

V. E., & Packer, L. (1993). Structural and dynamic membrane properties 

of. alpha.-tocopherol and. alpha.-tocotrienol: Implication to the 

molecular mechanism of their antioxidant potency. Biochemistry, 

32(40), 10692-10699. 

Taib, I. S., Budin, S. B., Ghazali, A. R., Jayusman, P. A., & Mohamed, J. 

(2014). Fenitrothion alters sperm characteristics in rats: ameliorating 

effects of palm oil tocotrienol-rich fraction. Experimental Animals, 

63(4), 383–393. 

Taib, I. S., Budin, S. B., Ghazali, A. R., Jayusman, P. A., Louis, S. R., & 

Mohamed, J. (2015). Palm oil tocotrienol-rich fraction attenuates 

testicular toxicity induced by fenitrothion via an oxidative stress 

mechanism. Toxicology Research, 4(1), 132–142. 



References 

192 
 

Tan, B., Pan, X.-H., Chew, H. S. J., Goh, R. S. J., Lin, C., Anand, V. V., Lee, 

E. C. Z., Chan, K. E., Kong, G., & Ong, C. E. Y. (2023). Efficacy and 

safety of tirzepatide for treatment of overweight or obesity. A systematic 

review and meta-analysis. International Journal of Obesity, 1–9. 

Tan, G. C. J., Tan, S. M. Q., Phang, S. C. W., Ng, Y. T., Ng, E. Y., Ahmad, 

B., Palamisamy, U. D. M., & Kadir, K. A. (2019). Tocotrienol-rich 

vitamin E improves diabetic nephropathy and persists 6–9 months after 

washout: a phase IIa randomized controlled trial. Therapeutic Advances 

in Endocrinology and Metabolism, 10, 2042018819895462. 

Tan, S. M. Q., Chiew, Y., Ahmad, B., & Kadir, K. A. (2018). Tocotrienol-

rich vitamin E from palm oil (tocovid) and its effects in diabetes and 

diabetic nephropathy: a pilot phase II clinical trial. Nutrients, 10(9), 

1315. 

Tan, S. M. Q., Chiew, Y., Ahmad, B., & Kadir, K. A. (2018). Tocotrienol-

rich vitamin E from palm oil (tocovid) and its effects in diabetes and 

diabetic nephropathy: a pilot phase II clinical trial. Nutrients, 10(9), 

1315. 

Tartaglia, L. A., Dembski, M., Weng, X., Deng, N., Culpepper, J., Devos, 

R., ... & Tepper, R. I. (1995). Identification and expression cloning of a 

leptin receptor, OB-R. Cell, 83(7), 1263-1271. 

Tasaki, M., Umemura, T., Inoue, T., Okamura, T., Kuroiwa, Y., Ishii, Y., 

Maeda, M., Hirose, M., & Nishikawa, A. (2008). Induction of 

characteristic hepatocyte proliferative lesion with dietary exposure of 

Wistar Hannover rats to tocotrienol for 1 year. Toxicology, 250(2–3), 

143–150. https://doi.org/10.1016/j.tox.2008.07.003 

Taubes, G. (2002). Does inflammation cut to the heart of the matter?.Science 



References 

193 
 

2002, 296, 242–246.  

Taylor, B.A. and Phillips, S.J.(1996). Detection of obesity QTLs on mouse 

chromosomes 1 and 7 by selective DNA pooling. Genomics, 34: 389–

398. 

Tena-Sempere, M. (2013).Interaction between energy homeostasis and 

reproduction: central effects of leptin and ghrelin on the reproductive 

axis. Horm Metab Res.,45(13):919-27. 

Tentolouris, N., Kokkinos, A., Tsigos, C., Kyriaki, D., Doupis, J., Raptis, S. 

A., & Katsilambros, N. (2004). Differential effects of high-fat and high-

carbohydrate content isoenergetic meals on plasma active ghrelin 

concentrations in lean and obese women. Hormone and metabolic 

research, 36(08), 559-563. 

Thamer, S. J. (2014). The effect of orlistat and metformin treatment on body 

weight, liver steatsis, leptin and insulin sensitivity in obese rats fed high 

fat diet. Journal of American Science, 10(4), 107–114. 

Timmers, S., De Vogel-Van Den Bosch, J., De Wit, N., Schaart, G., Van 

Beurden, D., Hesselink, M., ... & Schrauwen, P. (2011). Differential 

effects of saturated versus unsaturated dietary fatty acids on weight gain 

and myocellular lipid profiles in mice. Nutrition & diabetes, 1(7), e11-

e11. 

Tortoriello, D. V., McMinn, J., & Chua, S. C. (2004). Dietary-induced 

obesity and hypothalamic infertility in female DBA/2J mice. 

Endocrinology, 145(3), 1238-1247. 

Trak‐Smayra, V., Paradis, V., Massart, J., Nasser, S., Jebara, V., & 

Fromenty, B. (2011). Pathology of the liver in obese and diabetic ob/ob 

and db/db mice fed a standard or high‐calorie diet. International Journal 



References 

194 
 

of Experimental Pathology, 92(6), 413–421. 

Tres, A., Nuchi, C. D., Magrinyà, N., Guardiola, F., Bou, R., & Codony, R. 

(2012). Use of palm-oil by-products in chicken and rabbit feeds: Effect 

on the fatty acid and tocol composition of meat, liver and plasma. 

Animal, 6(6), 1005–1017.  

Tsatsanis, C., Dermitzaki, E., Avgoustinaki, P., Malliaraki, N., Mytaras, V., 

& Margioris, A. N. (2015). The impact of adipose tissue-derived factors 

on the hypothalamic-pituitary-gonadal (HPG) axis. Hormones, 14(4), 

549-562. 

Tseng, Y. H., Cypess, A. M., & Kahn, C. R. (2010). Cellular bioenergetics 

as a target for obesity therapy. Nature reviews Drug discovery, 9(6), 

465-482.  

ubara, M., Maruoka, S., & Katayose, S. (2002). Decreased plasma 

adiponectin concentrations in women with dyslipidemia. The journal of 

clinical endocrinology & metabolism, 87(6), 2764-2769.  

Uchida, A., Slipchenko, M. N., Cheng, J. X., & Buhman, K. K. (2011). 

Fenofibrate, a peroxisome proliferator-activated receptor α agonist, 

alters triglyceride metabolism in enterocytes of mice. Biochimica et 

Biophysica Acta (BBA)-Molecular and Cell Biology of Lipids, 1811(3), 

170-176. 

Unger, R. H. (2003). Lipid overload and overflow: metabolic trauma and the 

metabolic syndrome. Trends in Endocrinology & Metabolism, 14(9), 

398–403. 

Uthandi, A., Ramasamy, K. (2011). Hepatoprotective activity of sesame 

meal of high fat fed wistar rats. International Journal of Pharma 

Sciences and Research 2(12), 205-211. 



References 

195 
 

Uzunhisarcikli M and Kalender Y (2011). Protective effects of vitamins C 

and E against hepatotoxicity induced by methyl parathion in rats. 

Ecotox. Environ. Safe, 74(7): 2112-2118. 

Van Gaal, L. F. (2010). Mechanisms linking obesity with cardiovascular 

disease. DIABETES OBESITY & METABOLISM, 12, 21. 

Van Gaal, L. F., Mertens, I. L., & De Block, C. E. (2010). Mechanisms 

linking obesity with cardiovascular disease. Nature, 444(7121), 875-

880. 

Van Heek, M., Compton, D. S., France, C. F., Tedesco, R. P., Fawzi, A. B., 

Graziano, M. P., Sybertz, E. J., Strader, C. D., & Davis, H. R. (1997). 

Diet-induced obese mice develop peripheral, but not central, resistance 

to leptin. The Journal of Clinical Investigation, 99(3), 385–390. 

Varela-Rodriguez, B., Pena-Bello, L., Juiz-Valiña, P., Vidal-Bretal, B., 

Cordido, F., & Sangiao-Alvarellos, S. (2016). FNDC5 expression and 

circulating irisin levels are modified by diet and hormonal conditions in 

hypothalamus, adipose tissue and muscle. Scientific Reports, 6, 29898.  

Vasanthi, H. R., Parameswari, R. P., & Das, D. K. (2012). Multifaceted role 

of tocotrienols in cardioprotection supports their structure: function 

relation. Genes & nutrition, 7, 19-28. 

Vázquez, M. J., Romero-Ruiz, A., & Tena-Sempere, M. (2015). Roles of 

leptin in reproduction, pregnancy and polycystic ovary syndrome: 

consensus knowledge and recent developments. Metabolism, 64(1), 79-

91. 

Vigueras-Villaseñor, R.M., Rojas-Castañeda, J.C., ChávezSaldaña, M., 

Gutiérrez- Pérez, O., García-Cruz, M.E., Cuevas-Alpuche, O., Reyes-

Romero, M.M., Zambrano, E., (2011). Alterations in the spermatic 



References 

196 
 

function generated by obesity in rats. Acta Histochem. 113(2), 214-220. 

Walmsley, R., & Sumithran, P. (2023). Current and emerging medications 

for the management of obesity in adults. Medical Journal of Australia, 

218(6), 276–283. 

Wang, S., Sun, J., Wang, J., Ping, Z., & Liu, L. (2021). Does obesity based 

on body mass index affect semen quality?—A meta‐analysis and 

systematic review from the general population rather than the infertile 

population. Andrologia, 53(7), e14099. 

Wang, Y., & Jiang, Q. (2013). γ-Tocotrienol inhibits lipopolysaccharide-

induced interlukin-6 and granulocyte colony-stimulating factor by 

suppressing C/EBPβ and NF-κB in macrophages. The Journal of 

Nutritional Biochemistry, 24(6), 1146–1152. 

Watson, R.R., and Preedy, V.R.(2009). Tocotrienol Vitamin E Beyond 

Tocopherol. CRC Press, United States of America. 

Wei, Y., Wang, D., Topczewski, F., Pagliassotti, M.J.P. (2007).Fructose-

mediated stress signaling in the liver: implication for hepatic insulin 

resistance. J. Nutr. Biochem.18, 1-9. 

Welch V, Dawkins N, Graham T, Pace, R. (2013) The impact of high fat 

diets on physiological changes in euthyroid and thyroid altered rats. 

Lipids Health Dis J., 12: 100. 

Wen, X., Zhang, B., Wu, B., Xiao, H., Li, Z., Li, R., Xu, X., & Li, T. (2022). 

Signaling pathways in obesity: mechanisms and therapeutic 

interventions. Signal Transduction and Targeted Therapy, 7(1).  

Weng-Yew, W., & Brown, L. (2011). Nutrapharmacology of tocotrienols for 

metabolic syndrome. Current pharmaceutical design, 17(21), 2206-



References 

197 
 

2214. 

Wharton, S., Pedersen, S. D., Lau, D. C., Sharma, A. M., & Diabetes Canada 

Clinical Practice Guidelines Expert Committee. (2018). Weight 

management in diabetes. Canadian journal of diabetes, 42, S124-S129. 

Wickman, C., & Kramer, H. (2013). Obesity and kidney disease: potential 

mechanisms. Seminars in Nephrology, 33(1), 14–22. 

Willett, W. C., & Leibel, R. L. (2002). Dietary fat is not a major determinant 

of body fat. The American journal of medicine, 113(9), 47-59. 

Wong, R. S., Radhakrishnan, A. K., Ibrahim, T. A. T., & Cheong, S. K. 

(2012a). Delta-and gamma-tocotrienols induce classical ultrastructural 

apoptotic changes in human T lymphoblastic leukemic cells. 

Microscopy and Microanalysis, 18(3), 462-469. 

Wong, S. K., Chin, K. Y., Suhaimi, F. H., Ahmad, F., & Ima-Nirwana, S. 

(2018). Exploring the potential of tocotrienol from Bixa orellana as a 

single agent targeting metabolic syndrome and bone loss. Bone, 116, 8–

21.  

Wong, S. K., Chin, K. Y., Suhaimi, F. H., Ahmad, F., & Ima-Nirwana, S. 

(2017a). Vitamin E as a potential interventional treatment for metabolic 

syndrome: evidence from animal and human studies. Frontiers in 

pharmacology, 8, 444. 

Wong, W. Y., Poudyal, H., Ward, L. C., & Brown, L. (2012 b). Tocotrienols 

reverse cardiovascular, metabolic and liver changes in high 

carbohydrate, high fat diet-fed rats. Nutrients, 4(10), 1527–1541. 

https://doi.org/10.3390/nu4101527  

Wong, W. Y., Ward, L. C., Fong, C. W., Yap, W. N., & Brown, L. (2017b). 

https://doi.org/10.3390/nu4101527


References 

198 
 

Anti-inflammatory γ- and δ-tocotrienols improve cardiovascular, liver 

and metabolic function in diet-induced obese rats. European Journal of 

Nutrition, 56(1), 133–150.  

Woods, S., Seeley, R.J., Rushing, P.A., D'Alessio, D. & Tso, P. (2003). A 

controlled high-fat diet induces an obese syndrome in rats. Journal of 

Nutrition. 133, 1081–1087. 

World Health Organization. Health Topics Obesity. Available online: 

https://www.who.int/health-topics/obesity#tab=tab_1(accessed on 8 

November 2022). 

Xu A., Wang, H., Hoo, R.L., Sweeney, G., Vanhoutte, P.M., Wang, Y., et al. 

(2009). Selective elevation of adiponectin production by the natural 

compounds derived from a medicinal herb alleviates insulin resistance 

and glucose intolerance in obese mice. Endocrinology. 150(2):625-33. 

Xydakis, A. M., Case, C. C., Jones, P. H., Hoogeveen, R. C., Liu, M. Y., 

Smith, E. O. B., ... & Ballantyne, C. M. (2004). Adiponectin, 

inflammation, and the expression of the metabolic syndrome in obese 

individuals: the impact of rapid weight loss through caloric restriction. 

The Journal of Clinical Endocrinology & Metabolism, 89(6), 2697-

2703. 

Yachi, R., Igarashi, O., & Kiyose, C. (2010). Protective effects of vitamin E 

analogs against carbon tetrachloride- induced fatty liver in rats. Journal 

of Clinical Biochemistry and Nutrition, 47(2), 148–154. 

https://doi.org/10.3164/jcbn.10-35 

Yachi, R., Igarashi, O., & Kiyose, C. (2010). Protective effects of vitamin E 

analogs against carbon tetrachloride- induced fatty liver in rats. Journal 

of Clinical Biochemistry and Nutrition, 47(2), 148–154.  

https://www.who.int/health-topics/obesity#tab=tab_1


References 

199 
 

Yang, L., Smyth, G. K., and Wei, S. (2014). featureCounts: an efficient 

general purpose program for assigning sequence reads to genomic 

features. Bioinformatics 30, 923–930.  

Yap, S. P., & Yuen, K. H. (2004). Influence of lipolysis and droplet size on 

tocotrienol absorption from self-emulsifying formulations. International 

journal of pharmaceutics, 281(1-2), 67-78. 

Yardimci, A., Ulker, N., Bulmus, O., Sahin, E., Alver, A., Gungor, I. H., 

Turk, G., Artas, G., Kaya Tektemur, N., & Ozcan, M. (2022). Irisin 

improves high-fat diet-induced sexual dysfunction in obese male rats. 

Neuroendocrinology, 112(11), 1087–1103. 

Yim, H. E., & Yoo, K. H. (2021). Obesity and chronic kidney disease: 

prevalence, mechanism, and management. Clinical and Experimental 

Pediatrics, 64(10), 511. 

Yu, C., Chen, Y., Cline, G. W., Zhang, D., Zong, H., Wang, Y., ... & 

Shulman, G. I. (2002). Mechanism by which fatty acids inhibit insulin 

activation of insulin receptor substrate-1 (IRS-1)-associated 

phosphatidylinositol 3-kinase activity in muscle. Journal of Biological 

Chemistry, 277(52), 50230-50236. 

Zahorska-Markiewicz, B. (2006). Metabolic effects associated with adipose 

tissue distribution. Adv Med Sci, 51(2), 111-114. 

Zaiden, N., WN, Y., Ong, S., VH, T., XW, Z., Nesaretnam, K., ... & YL, Y. 

(2010). Gamma delta tocotrienols reduce hepatic triglyceride synthesis 

and VLDL secretion. Journal of atherosclerosis and thrombosis, 17(10), 

1019-1032. 

Zainal, Z., Rahim, A. A., Khaza’ai, H., & Chang, S. K. (2019). Effects of 

palm oil tocotrienol-rich fraction (TRF) and carotenes in ovalbumin 



References 

200 
 

(OVA)-challenged asthmatic brown Norway rats. International Journal 

of Molecular Sciences, 20(7). https://doi.org/10.3390/ijms20071764 

Zhang, Y., Li, R., Meng, Y., Li, S., Donelan, W., Zhao, Y., Qi, L., Zhang, 

M., Wang, X., & Cui, T. (2014). Irisin stimulates browning of white 

adipocytes through mitogen-activated protein kinase p38 MAP kinase 

and ERK MAP kinase signaling. Diabetes, 63(2), 514–525 

Zhao J, Zhai L, Liu Z, Wu S & Xu L. (2014) Leptin level and oxidative stress 

contribute to obesity-induced low testosterone in murine testicular 

tissue. Oxid Med Cell Longev 2014, 190945. 

Zhao, D., Wang, S. R., Ma, W. W., Liu, L. J., & Sun, C. H. (2008). Alpha1-

macroglobulin: a potential obesity-related factor in serum. Medical 

Science Monitor: International Medical Journal of Experimental and 

Clinical Research, 14(3), BR57-61. 

Zhao, L., Fang, X., Marshall, M. R., & Chung, S. (2016). Regulation of 

obesity and metabolic complications by gamma and delta tocotrienols. 

Molecules, 21(3), 344.  

Zhao, L., Kang, I., Fang, X., Wang, W., Lee, M. A., Hollins, R. R., Marshall, 

M. R., & Chung, S. (2015a). Gamma-tocotrienol attenuates high-fat 

diet-induced obesity and insulin resistance by inhibiting adipose 

inflammation and M1 macrophage recruitment. International Journal of 

Obesity, 39(3), 438–446.  

Zhao, L., Yagiz, Y., Xu, C., Lu, J., Chung, S., & Marshall, M. R. (2015b). 

Muscadine grape seed oil as a novel source of tocotrienols to reduce 

adipogenesis and adipocyte inflammation. Food & Function, 6(7), 

2293–2302. 

Zhong, O., Ji, L., Wang, J., Lei, X., & Huang, H. (2021). Association of 

https://doi.org/10.3390/ijms20071764


References 

201 
 

diabetes and obesity with sperm parameters and testosterone levels: a 

meta-analysis. Diabetology & Metabolic Syndrome, 13, 1–12. 

Zhou, X. L., Yan, B. B., Xiao, Y., Zhou, Y. M., & Liu, T. Y. (2018). Tartary 

buckwheat protein prevented dyslipidemia in high-fat diet-fed mice 

associated with gut microbiota changes. Food and Chemical Toxicology, 

119, 296-301.  



 
 

Appendixes 
 

 

 

 

 



 
 

203 
 

Appendix 1  Leptin standard curve 

 

 

 

Appendix 2 Elisa insulin standard curve 

 

 

 

 

                  
         

 

   

 

   

 

   

        

 
 
 
 
  

 

                  

                    

                  

        

 

   

   

   

   

 

   

   

   

   

            

 
 
 
 
 
 
 

                 

                      



 
 

204 
 

 Appendix 3 Elisa adiponectin standard curve Elisa  

  

 

 

 

 

 

Appendix 4  Elisa Irisin standard curve 

 

 

 

 

 

 

 

 

 

 

                 

         

 

   

 

   

 

   

 

              

 
 
 
 
 
 
 

                 

                  

                  
         

 

   

 

   

 

   

 

   

              

 
 
 
 
 
 
 

                 

                     



 
 

205 
 

 

Appendix 5  Elisa FSH standard curve 
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 الخلاصة  ____________________________________________________________

 أ
 

 ملخص 

البيطري    جريت  أ       الدراسة في كلية الطب  ا  –هذه  لتقييم  البصرة  الوقائي والعلاجي  جامعة  لدور 

الدهونلمكملات   نظام غذائي عالي  تناول  الناتجة عن  الضارة  ومخاطر   ،توكوترينول ضد الآثار 

 المختبر.  جرذانتحفيز السمنة لدى ذكور 

±    80ووزن حوالي    ،أسابيع  8ذكرا  بالغا  تتراوح أعمارهم بين    جرذا    ون أربعة وأربعخدام  است       

)الوقائية(    وزّعت  جرام.    25 الأولى  التجربة  الحالية.  الدراسة  من  تجارب  ثلاث  على  الحيوانات 

قليل الدهون   غذاءلكل مجموعة( مقسمة إلى مجموعة ضابطة تغذت على   6جرذا  ذكرا  )  18شملت  

ال  HFDمل/كجم من وزن الجسم(، ومجموعة    1بزيت الزيتون )  مذاب و تغذت التي    جرذانتمثل 

بينما غ ذيت   ،مل / كجم من وزن الجسم(  1زيت )  ،بزيت الزيتون  مذاب وعالي الدهون    غذاءعلى  

الوقائية   )و  HFDبـ  المجموعة  زيت   60توكوترينول  في  المذاب  الجسم(  وزن  من  كجم   / ملجم 

لمدة   شملت    12الزيتون  )العلاجية(  الثانية  التجربة  )  جرذا    18أسبوع ا.  مجموعة(   6ذكرا   لكل 

مجموع   مت  ق سّ  إلى  السيطرةعشوائيا   )السمنة  و  ة  السمنة  امجموعة  بتغذية  غذاء   جرذانلالم ستحثة 

الدهون التي  ا  أسبوع  12لمدة    HFD  عالي  العلاجية  والمجموعة  ثتّ  (،    وع لجت  فيها  السمنة    ح 

مل/كغم من وزن  1زيتون )الفي زيت    الجسم( مذاب   ملغم/كغم من وزن  60توكوترينول )   بتجريع  

الثالثة    .قليل الدهون  غذاء  على  جميع المجموعات   تغذت    وقد ،  أسابيع  8الجسم( لمدة   وفي التجربة 

تع م    8  أستخدم  تكاثريةتجربة    دّ التي  و ذكور  والعلاجية  الوقائية  التجارب  أنثى،    16ستخرجين من 

  ان إناث(. المجموعة الأولى كانت عبارة عن جرذ   4ذكور و  2مجموعات )  4عشوائيا  إلى    ق سمت 

الثانية عبارة عن جرذان ذكور    تزاوجت   طبيعيةذكور   المجموعة  إناث طبيعية. وكانت  تغذت مع 

أسبوع ا وتزاوجت مع إناث طبيعية. وكانت المجموعة الثالثة عبارة عن   12الدهون لمدة  عالي غذاء  

ذكور   غذاء  جرذان  عنالدهون    عالي  تغذت  لمدة    فضلا   المجموعة   اماأسبوع ا.    12توكوترينول 

توكوترينول اعطيت  ثم  أسبوع ا    12الدهون لمدة    عالي  تغذت غذاء  جرذان ذكور  الرابعة عبارة عن  

، وقد أدى استخدام توكوترينول إلى تحسين القدرات اخرى  أسابيع    8منخفض الدهون لمدة    وغذاء

 الإنجابية. 

العلف    س جّل      واستهلاك  الحيوان  جّمعت  .  بةالتجر  مدة  طيلةوزن  لفحص   ثم  الدم  ،  دمها  عينات 

التفاعلي    وقيس والبروتين  والجزئي  الكلي  البروتين  ال  Cمستوى  المصل. كومستوى  في  لوكوز 

والأد   وقيست   اللبتين  هرمون  مثل  الأيضية  الهرمونات  والإيريسينبعض  والأنسولين   ،يبونيكتين 

عن الجنسية  فضلا   الحيوانات  وتسجي  ،الهرمونات  حيوية  تقييم  تغيّ   ،المنويةل  لوحظت  رات  وقد 

والخ والكلى  )الكبد  الجسم  أعضاء  في  )  وف حص   ،صيتين(نسجية  الجيني  في   PCRالتعبير  الكمي 

    الوقت الحقيقي( في الكبد والأنسجة الدهنية.



 الخلاصة  ____________________________________________________________

 ب
 

تأثير        على    تجريعأظهر  بعد    جرذانتوكوترينول  الجسم  وزن  في  ملحوظ ا  ا  انخفاض  المختبر 

لى الرغم من عدم  ع  ،وقائيةالتجربة  الفي    HFDبـ    غ ذيت  التي    جرذانرنة بالالأسبوع الخامس مقا

اختلاف   التجربة  معنويوجود  أسابيع  لمدةالعلاجية    في  ي    ،ثمانية  بدوره  وزن  وهذا  زيادة  ضعف 

أن    HFDTو   HFDلمجموعات    المكتسب   الجسم الرغم من  قيم مؤشر  على  توكوترينول قلل من 

 ولكنه لا يزال أعلى من قيمهم في المجموعة الضابطة.  AIو  LEEكتلة الجسم ومؤشر  

  من   على الرغملحيوانات الدراسة فروقا  غير معنوية في التجربة الوقائية،    غذاءل استهلاك السجّ     

 .  المجموعة السمينة جرذانء لانخفاضا  معنويا  في استهلاك الغذا أظهرت   التجربة العلاجيةأنّ 

.  في  في مؤشرات الدم  معنويحدد لاختلاف  ه لا يوجد مؤشر مكشفت نتائج الدراسة الحالية أنّ     

التي   جرذانوالعدلات انخفاض ا ملحوظ ا في قيمهما بالنسبة لل  ل إجمالي كريات الدم البيض جّ حين س

رّ لغرض حثّ    ،أسبوعا    12  مدةل    HFDعلى    تغذت   توكوترينول مقارنة بمجاميع    عت  السمنة، ثم ج 

 .الدراسة الأخرى

مؤشرات الدهون الضارة )الدهون الثلاثية،    ض وظائف الكبد وخفّ   حسّنتوكوترينول  تجريع  إنّ      

LDL-c  وVLDL-c ّقيم   ن( وحسHDL-c توكوترينول للتجربة الوقائيةب  عالجةالم   جرذانفي ال. 

إلى انخفاض معنوي في مستويات البروتين الكلي    HFDتوكوترينول على  أدى تأثير مكمل         

على عكس قيمهم لوكوز  ككما ظهر ال  ،Cوالجلوبيولين وفشل في تعزيز تركيز البروتين التفاعلي  

السيطرة المقابل  ،في مجموعة  إلى  أدت إضافة    في  العلاجية  السم   جرذانتوكوترينول  ينة المختبر 

المختبر التي تعاني من مخاطر السمنة.    جرذانلوكوز عند مقارنتها بكز قيم الألبومين وال إلى تعزي

في تركيز اللبتين    معنويا    توكوترينول على بعض الهرمونات الأيضية انخفاضا  ظهر تأثير إعطاء  أ

  والجرذان السمينة في   HFDن تركيز الإيريسين والأنسولين في الجرعة الوقائية مقارنة مع  وتحسّ 

التجربتين المقابل و  ،كلا  تعزيز    في  على  توكوترينول  لـ   LH  تحسينيعمل  الضار  التأثير  وتقليل 

HFD  في   على حيوية الحيوانات المنوية في التجارب الوقائية والعلاجية. تم تأكيد النتائج المذكورة  

بينما كان التعبير الجيني لجين    ،ي المرضي للكبد والكلى والخصيتينأعلاه من خلال الفحص النسيج

cpt1b    بمقدار الحماية    10,17أكبر  ضعف ا في    2,54وأعلى بمقدار    HFDTضعف ا في مجموعة 

 8,85أكبر بمقدار    IL-1βمقارنة بمجموعة التحكم. كان التعبير الجيني لجين    المجموعة العلاجية

ية(،  ائ )المجموعة الوق  HFDTضعف ا في مجموعة    2,67، وأعلى بمقدار HFDضعف ا في مجموعة 

 ة الضابطة.  في المجموعة العلاجية مقارنة بالمجموع ضعفا   5,09وأعلى بمقدار 

كون له أدوار حيوية في تقليل خطر التمثيل تأن التوكوترينول قد  في ضوء الدراسة الحالية، نستنتج  

 والسمنة وتعزيز أداء الخصوبة.  HFDالغذائي لـ 
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