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ABSTRACT 

Central obesity, insulin resistance, atherogenic dyslipidemia and elevated blood pressure are 

the major components of metabolic syndrome. This complex disorder is considered to be a 

clinical challenge and an urgent public health issue. With the growing prevalence of obesity 

worldwide, effective strategies are needed to intervene in the development and progression of 

metabolic syndrome. Despite the short-term benefits of pharmaceutical treatment of obesity, 

current drug therapy is associated with adverse side effects, thus the use of complementary 

and alternative therapies has become increasingly popular among the general population as an 

alternative method for weight loss. Botanical extracts in combination with lifestyle 

modification may be effective agents for attenuating the development of metabolic syndrome 

as they often comprise of a vast range of bioactive compounds that have been associated with 

significant positive health outcomes with minimal side effects. However, the efficacy of 

many of these extracts and their chemical constituents have yet to be fully explored. The 

research presented in this thesis examines the effectiveness of two commonly used anti-

obesity botanical extracts, namely Caralluma fimbriata and Citrus sinensis (Moro variety). 

The primary aim of this PhD project was to investigate the efficacy of C. fimbriata extract on 

the risk factors of metabolic syndrome in overweight and obese conditions.  

The first study was a 12-week pilot study that sought to determine whether C. fimbriata 

extract (1 g/day), in addition to a hypocaloric diet and regular physical activity, can attenuate 

metabolic disturbances in overweight and obese individuals compared to placebo (n = 33; 29-

59 years old; 26 females, 7 males; BMI: 32.15 kg/m
2
). The main outcome was a significant 

reduction in waist circumference in the experimental group (mean change: -3.847; 95 % CI; -

7.466 – 0.228). This study identified that supplementation with C. fimbriata extract may 

potentially play a role in curbing central obesity, the key component of metabolic syndrome.  
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The second study then aimed to determine whether C. fimbriata extract attenuates the 

metabolic changes developed in an obesity-inducing rat model (n = 40; 4 weeks old; body 

weight: 229.7 g). This study examined metabolic effects of chronic administration of C. 

fimbriata extract (100 mg/kg BW) in male wistar rats with diet induced obesity. This study 

revealed that treatment with C. fimbriata extract for eight weeks in lean & high fat fed rats 

does not have significant effects on feed intake, obesity, glucose tolerance, blood pressure 

and lipid profile (p >0.05). 

The final study aimed to explore the effect of C. fimbriata extract (1g/day) alone and in 

combination with C. sinensis extract (500 mg/day) on metabolic and cardiovascular risk 

factors in a randomised controlled clinical trial (n = 59; 46.6 years old; 19 males, 40 females; 

BMI: 34.3 kg/m
2
). The main finding was a significant time effect observed in all groups for 

body composition, food intake and lipid profile (p < 0.05), which might be attributed to the 

dietary advice provided. However, there was no significant effect observed for all data on 

body composition, dietary intake, cardiovascular parameters, appetite sensations and lipid 

profile (p > 0.05).  

This research has made a significant contribution to the literature, providing evidence that C. 

fimbriata extract and/or C. sinensis extract may not be effective in eliciting beneficial effects 

in metabolic and cardiovascular conditions. Furthermore, the dietary modifications to 

participants’ food intake were clinically meaningful, providing significant improvements to 

body composition parameters. In conclusion, the results presented within the current thesis do 

not support that botanical extracts, including C. fimbriata extract and C. sinensis extract play 

a significant role in the treatment of metabolic abnormalities, due to the inconsistencies of 

data identified within this thesis and previous work.  
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CHAPTER 1: INTRODUCTION 

Metabolic syndrome is defined as the coexisting occurrence of a clustering of metabolic 

conditions, including central obesity, insulin resistance, dyslipidemia, and hypertension in an 

individual which leads to an increased risk in the development of cardiovascular disease 

(CVD), type 2 diabetes and stroke (Beltran-Sanchez et al., 2013). This clustering of 

metabolic disorders is of substantial concern, as the incidences of both CVD and type 2 

diabetes have reached epidemic proportions worldwide. Metabolic syndrome is quite a 

complex and progressive condition that has the potential to develop over several years with 

the characteristics and extent of the disorder varying between individuals (Graf et al., 2010).  

With the rapid increase in the incidence and prevalence of metabolic syndrome in several 

parts of the world coupled with the increase in life expectancy and associated changes in 

demographics, it continues to challenge the resourcefulness of scientists and clinicians in 

refining current therapies and the development of new strategies to counteract this prevalent 

condition. Botanical extracts may serve as effective agents for the management and treatment 

of metabolic syndrome because they contain mixtures of interacting compounds reputed to 

possess important combination therapies such as anti-obesity, anti-diabetic, anti-

inflammatory, anti-hypertensive and lipid lowering properties. These multicomponent 

botanical extracts may in turn act simultaneously to affect multiple pharmacological targets 

and therefore inaugurate clinical efficacy beyond the extent of single compound based 

pharmaceutical drugs. Therefore it is possible that the complexity of metabolic syndrome 

may be addressed via a prophylactic strategy comprising of bioactive compounds.  However, 

many botanical extracts have not received equitable scientific/medical scrutiny, in addition to 

only a small number of purportedly bioactive constituents found in these botanical extracts 

being wholly or partially characterized (Astell et al., 2013b).  
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Although, it should be remembered that there is a great proportion of the world’s flora that is 

yet to be scientifically investigated and therefore it is highly plausible that this immerse 

botanical resource may produce new drug leads that can add to the repertoire of obesity and 

diabetes research. Future research should focus on developing innovative scientific methods 

for the discovery, characterisation, validation, and standardisation of these multicomponent 

botanical extracts as it is vital for their acceptance into mainstream medicine.  The scope for 

the discovery and development of new target therapies for the prevention and management of 

metabolic syndrome from nature’s pharmacy is vast, which merits corresponding 

consideration.  

This thesis investigated the efficacy of two botanical extracts, known as Caralluma fimbriata 

extract and Citrus sinensis extract (Moro variety) as a therapeutic target for the management 

and treatment of metabolic syndrome. The clinical efficacy of these two botanical extracts in 

the treatment of associated metabolic disturbances is yet to be validated. It is unknown 

whether C. fimbriata extract is capable of alleviating all components of metabolic syndrome 

in overweight and obese humans.  Hence, study one investigated the effectiveness of C. 

fimbriata supplementation on the risk factors of metabolic syndrome including central 

obesity, elevated blood glucose levels, high blood pressure and dyslipidemia in overweight 

and obese adults.  

There is sparse research on the metabolic effects of C. fimbriata extract in rodents. To better 

understand the clinical utility of C. fimbriata in the treatment of metabolic syndrome, the 

underlying pathologies of the syndrome following C. fimbriata administration in an obese 

state in rodents as a translatable model of the etiopathology of the human condition is 

required. Thus, as it was apparent that further research was needed in determining the 

effectiveness of C. fimbriata administration on the functional and structural abnormalities 
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associated with metabolic syndrome, study two investigated the efficacy of C. fimbriata 

administration in an animal model of diet induced obesity on organ weight, liver histology, 

body composition, appetite, cholesterol and triglyceride levels, diabetes risk and 

hypertension. 

A previous animal model of obesity following the ingestion of C. fimbriata extract identified 

potential anti-atherosclerotic properties in high fat cafeteria fed rodents (Kamalakkannan et 

al., 2010). However, it is unclear as to whether supplementation with C. fimbriata in humans 

would play a role in the treatment of inflammatory and atherosclerotic disease in humans.  It 

was therefore of significance to investigate the effect of C. fimbriata extract on vascular 

parameters associated with metabolic syndrome, inflammation and atherosclerosis in humans. 

It was also of interest to validate the findings observed in our previous work to better clarify 

the anti-obesity and appetite supressing effects of C. fimbriata extract.  

Furthermore, potential anti-inflammatory and antioxidant properties have been identified in 

anthocyanin plant-derived extracts in humans (Dallas et al., 2014, Buscemi et al., 2012) and 

in vitro studies (Cardile et al., 2010). Importantly, there is an established link between 

chronic inflammation and metabolic disorders (Monteiro and Azevedo, 2010), therefore it 

was of significance to investigate the effect of the anthocyanin rich red orange extract (C. 

sinensis) on inflammatory biomarkers of metabolic syndrome. In addition, the anti-obesity 

effects of the Moro orange variety have been elucidated in animal models of diet induced 

obesity, however there is limited clinical evidence on the efficacy of C. sinensis extract on 

the risk factors of metabolic syndrome in overweight and obese humans. Hence, study three 

explored the clinical effectiveness of C. fimbriata and C. sinensis supplementation on 

obesity, metabolic syndrome and atherosclerotic indices in overweight and obese adults.  
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CHAPTER 2: REVIEW OF LITERATURE 

SECTION I: AN INTRODUCTION TO METABOLIC SYNDROME 

2.1.1 Metabolic syndrome definition  

Metabolic syndrome is a global health problem defined by a constellation of clinical criteria 

used to identify patients at an increased risk of atherosclerotic CVD, type 2 diabetes and all-

cause mortality (Beltran-Sanchez et al., 2013). Over the next 5-10 years, metabolic syndrome 

confers a 5-fold increased risk in the development of type 2 diabetes and a 2-fold increased 

risk of developing cardiovascular disease (Alberti et al., 2009). In addition, there is a 2-4 fold 

increased risk of stroke, 3-4 fold increased risk of myocardial infarction and 2-fold increased 

risk of dying from such an event in patients with metabolic syndrome (Alberti et al., 2006). 

Metabolic syndrome originated from the observation of several metabolic risk factors that are 

interconnected physiologically, biochemically, clinically and metabolically in patients at high 

risk of cardiovascular disease, which comprise of: central obesity, atherogenic dyslipidemia, 

elevated plasma glucose levels and elevated blood pressure (The National Cholesterol 

Education Program, 2001). Metabolic syndrome is a complex disorder that is considered to 

be a clinical challenge and an imperative public health issue. Metabolic syndrome is 

described as a state of low grade inflammation, and is a consequence of a series of complex 

interactions which consist of unhealthy lifestyle habits, genetics and environmental 

influences and the dysregulation of hormones. There are many factors which constitute this 

syndrome which include insulin resistance, visceral adiposity, elevated blood pressure, 

dyslipidemia, endothelial dysfunction, genetic susceptibility, hypercoagulable state, 

prothrombotic state and chronic stress (Kaur, 2014) (Figure 2.1; Taken from Kaur 2014).  
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Figure 2.1: Schematic presentation of metabolic syndrome (Kaur, 2014) 

Given the complexities of the factors leading to the development of metabolic syndrome, the 

definition of metabolic syndrome has sparked much controversy, resulting in several current 

definitions (Cameron et al., 2007). The complex nature of the metabolic syndrome presents 

significant methodological challenges over which single factor amongst the several inter-

related abnormalities is present in all the conditions of metabolic syndrome and provides the 

link that unifies them as the central abnormality (Anderson et al., 2001).  
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The first attempt of a global definition of metabolic syndrome was proposed by the World 

Health Organization (WHO) in 1999 (World Health Organization, 1999). The biological and 

physiological description of insulin resistance (measured by the euglycaemic clamp) was 

pivotal to the WHO definition. Initially this definition was identified as a working model, 

where the authors acknowledged that the definition will need to be improved following the 

publication of new data (Balkau and Charles, 1999). Several limitations of the WHO 

definition were identified by critics. The major limitations related to the use of euglycaemic 

clamp for the measurement of insulin sensitivity, therefore reducing the efficacy in a clinical 

setting or for epidemiological studies. Consequently, the WHO definition has been deemed as 

too complex to use in many settings. Therefore in large scale studies, the euglycaemic clamp 

method of measuring insulin resistance has been substituted with the calculation of insulin 

sensitivity via the homeostatic model assessment (HOMA). The European Group for the 

Study of Insulin Resistance (EGIR) established a modified version of the WHO definition 

which would be accessible and easy to use as fasting insulin was implemented instead of the 

euglyceamic clamp to measure insulin resistance (Einhorn et al., 2003).  

Two years later, the USA National Cholesterol Education Program created the ATPIII 

definition (The National Cholesterol Education Program, 2001). The definition was intended 

to have clinical utility; it did not incorporate a specific measure of insulin sensitivity and 

implemented a less glucose centric approach by treating all metabolic components with equal 

significance. The ATPIII definition is commonly used as it is simplistic and easy to use in the 

research and clinical setting.  

Considerable confusion has developed as a result of these definitions of metabolic syndrome. 

Clinicians have highlighted the various limitations of the current definitions and have 

described the definitions as being not ‘user friendly’. Therefore the International Diabetes 
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Federation (IDF) developed a more practical definition which would be a clinically useful 

diagnosis tool and applicable globally for the assessment of individuals at high risk of type 2 

diabetes and CVD (Alberti et al., 2006). The IDF group recognized that central obesity was a 

significant determinant of metabolic syndrome and that waist circumference has a strong link 

with other components of metabolic syndrome. Therefore central obesity was identified as an 

essential component of the new definition. Table 2.1 shows the current definitions of 

metabolic syndrome (Cameron et al., 2007).  
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Table 2.1: Current definitions of metabolic syndrome 

    
WHO 1999 EGIR 1999 ATPIII 2001 IDF 2005 

Diabetes or impaired 

glucose tolerance 

or insulin resistance 

  Central obesity 

Ethnicity specific 

waist 

circumference cut-off 

points 

Insulin resistance or 

hyperinsulinemia 

(only non-diabetes 

subjects) 

  

    Plus two or more of the 

following: 

Plus two or more of 

the following: 

Three or more of the 

following: 

Plus any two of the 

following: 

    Obesity: BMI >30 kg/m
2
 

or waist: hip ratio 

Central obesity: waist 

circumference 

Central obesity: waist 

circumference 

 >0.9 (male), 

>0.85 (female) 

>94 cm (m), >80 cm 

(f) >102 cm (m), >88 cm (f) 

 

    Dyslipidemia: 

Triglycerides >1.7 

mmol/L or 

Dyslipidemia: 

triglycerides Hypertriglyceridemia: 

Raised triglycerides 

>1.7 mmol/L or 

HDL-C <0.9 mmol/L (m), 

<1.0 mmol/L (f) 

>2.0 mmol/L or HDL-

C <1.0 mmol/L Triglycerides >1.7 mmol/L 

specific treatment for 

this abnormality 

  

Low HDL-C: <1.03 mmol/L 

(m) 

Reduced HDL-C 

<1.03 mmol/L (m) 

  
1.29 mmol/L (f) 

1.29 mmol/L (f) or 

specific 

   

treatment for this 

abnormality 

    

Hypertension: Blood 

pressure >140/90 mmHg 

Hypertension: Blood 

pressure 

>140/90mmHg 

Hypertension: Blood pressure 

>130/85 mmHg 

Hypertension: >130/85 

mmHg 

or medication or medication or medication or medication 

    Microalbuminuria: 

Albumin excretion 

Fasting plasma 

glucose >6.1 mmol/L 

Fasting plasma glucose >6.1 

mmol/L 

Fasting plasma 

glucose >5.6 mmol/L 

>2.5 mg/mmol/L (m) and 

>3.5 mg/mmol/L (f) 

  

or previously 

diagnosed type 2 

diabetes 

 

 

 

 

 



 

9 

 

2.1.2 The concept of metabolic syndrome 

A universal definition of metabolic syndrome is yet to be established. The concept of 

metabolic syndrome was proposed to emphasize the simultaneous presence of risk factors for 

type 2 diabetes and CVD (Ferrannini et al., 1987). The origin of metabolic syndrome was 

initially identified in 1920, when Kylin a Swedish physician described a syndrome involving 

the clustering of hypertension, hyperglycaemia and hyperuricaemia or gout (Kylin, 1923). In 

1947, Vague reported that abdominal obesity (android obesity) was linked with metabolic 

abnormalities often seen in type 2 diabetes and CVD (Vague, 1947).  In 1965, Avogaro and 

Crepaldi described a syndrome characterised by obesity, diabetes, hyperlipidemia and 

hypertension (Avogaro, 1965).  

The term “Metabolic syndrome” was first used in the 1970s by German researchers who also 

explored the link between metabolic syndrome and atherosclerosis. In the late 1980s, insulin 

resistance was suggested to be the underlying cause of metabolic syndrome (Reaven, 1988, 

Ferrannini et al., 1987). Consequently, Ferrannini et al., (1987) preferred the term “Insulin 

resistance syndrome” while Reaven (1988) used the term “Syndrome X” (Isomaa et al., 2001, 

Alexander et al., 2003, Grundy et al., 2004). In 1989, Kaplan renamed the syndrome “The 

Deadly Quartet” (Kaplan, 1989) and by 1992, the syndrome was again renamed “The Insulin 

Resistance Syndrome” (Haffner et al., 1992). Currently the term “Metabolic Syndrome” now 

remains the universal description of this cluster of metabolic abnormalities.    
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2.1.3 Prevalence of metabolic syndrome in Australia 

Cameron et al., (2007) compared the four definitions of metabolic syndrome to determine 

which one is the best in identifying those at high CVD risk with insulin resistance. The 

results showed that using any of the four definitions, the prevalence of metabolic syndrome is 

high in Australian adults aged >25 years in 1999-2000 (n = 11,247; 5049 men, 6198 women). 

Approximately one in three adults were classified as having metabolic syndrome according to 

the IDF definition, and one in five by the ATPIII and the WHO definitions. Slightly less were 

defined as having metabolic syndrome by the EGIR definition (Cameron et al., 2007).  

The prevalence of metabolic syndrome using the IDF definition is significantly higher than 

other definitions, reflecting differences in the elements incorporated i.e. core components and 

the design of each definition. A core feature of the IDF definition is abdominal obesity with 

different cut-off points for waist circumference which is dependent on ethnicity (Cameron et 

al., 2007). In contrast, impaired glucose regulation and insulin resistance are core components 

of the WHO and EGIR definitions. The IDF consensus group placed emphasis on developing 

criteria for abdominal obesity which would be applicable for a wide variety of populations. In 

different ethnic groups, central obesity is not sufficiently detected using BMI. Clinical trials 

in Asia have found that type 2 diabetes and CVD risk for those with metabolic syndrome is 

evident at a much lower level of adiposity than Europids (Caucasian European origin) 

(Lackland et al., 1992). Furthermore, validation for ethnic-specific cut-off points was 

reported in Japan which demonstrated that waist circumference cut-off points of 90 cm in 

men and 85 cm in women were more pertinent to this community than the ATPIII criteria 

(Matsuzawa, 1997). Therefore the IDF criterion is more applicable with the inclusion of cut-

off points of waist circumference to different ethnic groups.  
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Findings of the Cameron et al., (2007) study are consistent with previous trials. Meigs et al., 

(2003) demonstrated that participants with metabolic syndrome defined by any definition 

were more insulin resistant and at an increased risk of coronary heart disease (CHD) than 

individuals without metabolic syndrome (11.8 vs. 6.4 % p 0.0001) (Meigs et al., 2003). The 

high prevalence of metabolic syndrome emphasizes the need for preventative strategies for 

co-morbidities associated with metabolic syndrome including diabetes and CVD.  

Amongst people with metabolic syndrome, more than 2/3 of high risk CVD (>15 % CVD 

risk) could be eradicated if metabolic syndrome did not occur.  For the total survey 

population (aged 35-74) and those free of CVD, 9-23 % of high CVD risk could have been 

avoided if metabolic syndrome did not develop (Cameron et al., 2007). The highest 

percentage of metabolic syndrome was reported with the IDF definition, signifying it may 

offer the greatest use in helping to prevent CVD. Altering the high risk population to a low 

risk population therefore may provide considerable health gains and reduce the burden of 

disease (Cameron et al., 2007). 

 

2.1.4 Global prevalence of metabolic syndrome 

It is difficult to compare the prevalence of metabolic syndrome in different populations even 

though a global definition of metabolic syndrome is in reach of agreement (Cameron et al., 

2004). Several studies compare the prevalence of metabolic syndrome using different criteria. 

Therefore a standardised international definition needs to be reinforced. Figure 2.2 shows the 

prevalence of metabolic syndrome from several countries (Cameron et al., 2004). The studies 

differ in the design, sample selection, year the study was undertaken, the specific definition 

of metabolic syndrome used, gender and age of the targeted population. These studies used 
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the National Cholesterol Education Panel ATPIII criteria which may not be appropriate for 

the Asian population.  

It has been shown that despite the controversy concerning the use of the metabolic syndrome 

definition and criteria, evidence suggests that certain inferences may be made. For instance, 

there is a broad variation in the prevalence of metabolic syndrome in both sexes even when 

participants are in the same age group. Furthermore, for individuals aged 20-25 years or 

older, the metabolic syndrome prevalence varies in urban populations from 7 % in French 

and 43 % in Iranian women and 8 % in Indians and 24 % in American men. Ethnic origin 

also affects the prevalence of metabolic syndrome. For example there is a higher prevalence 

of metabolic syndrome in Mexican Americans in comparison to Non-Hispanic white people 

in the USA (Ford et al., 2002). There is also a lower prevalence of metabolic syndrome in 

African American men compared with Mexican American men and Non-Hispanic white men 

(Ford et al., 2002).  

A consistent finding established is that the metabolic syndrome prevalence is highly age-

dependent. This pattern is established in Iran with the metabolic syndrome prevalence less 

than 10 % in women and men aged between 20-29 years, while the 60-69 years of age group 

has a prevalence of 67 and 38 % respectively (Azizi et al., 2003). Also in the French 

population, the prevalence of metabolic syndrome is less than 5.6 % in the 30-39 years of age 

group, rising to 17.5 % in the 60-64 year old group (Azizi et al., 2003). In addition, according 

to the National Health and Nutrition Examination Survey, the metabolic syndrome prevalence 

in the USA (Hispanic/Caucasian/African American) in 20-29 years was 7 % rising to 44 % in 

60-69 year age bracket (Ford et al., 2002).   
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Prevalence of metabolic syndrome 

 

 

 

 

 

 

 

Figure 2.2: Prevalence of metabolic syndrome from ATP111 definition (Cameron et al., 2004). 

 

SECTION II: RISK FACTORS AND MAJOR MANIFESTATIONS OF 

METABOLIC SYNDROME 

2.2.1 Obesity 

2.2.1.1 Definition and classification of obesity 

Obesity is defined as a condition of excessive or abnormal fat accumulation in the adipose 

tissue (World Health Organization, 2000c). Excess body fat is the result of excess dietary 

energy intake over energy expenditure, which leads to excess kilojoules being stored as fat, 

ultimately resulting in overweight or obesity (World Health Organization, 2000c).  

The primary classification of overweight and obesity is based on the BMI measurement, 

which is used to estimate relative risk for disease compared to normal weight and is 



 

14 

 

calculated with the following formula: BMI = weight (kg) / height (m)
2 

(World Health 

Organization, 2000c). The classification of overweight and obesity according to BMI is 

presented in Table 2.2. 

 

Table 2.2: Classification of Overweight and Obesity by BMI, Waist Circumference and Associated 

Disease Risks 

 

   

Disease Risk* Relative to Normal BMI and Waist 

Circumference 

 

BMI 

Obesity 

class Men <102 cm (<40 in) > 102 cm (> 40 in) kg/m
2
  

   

Women <88 cm (<35 in)  > 88 cm (> 35 in) 

 
Underweight < 18.5  

 

_ _ 

  
Normal†  18.5–24.9 

 

_ _ 

  
Overweight  25.0–29.9 

 

Increase High 

  
Obesity  30.0–34.9 I High Very high 

  

 

35.0–39.9 II Very high Very high 

  Extreme 

Obesity >40  III Extremely high Extremely high     

*Disease risk for type 2 diabetes, hypertension, and CVD. 

   †Increased waist circumference can also be a marker for increased risk even in persons of normal weight. 

 

 

 

 

 BMI is the most widely used and simple measure of body size and is frequently used to 

determine the prevalence of overweight and obesity within a population (Ross et al., 1993). 

However, this measurement does not take into account variations in regional fat distribution 

and abdominal fat mass. Excess upper body fat is linked with a greater risk of obesity-related 

morbidity than overall adiposity (Ho et al., 2001). Thus, waist circumference and waist to hip 

ratio (WHR) appears to be better indicators of visceral adiposity, type 2 diabetes mellitus and 

CVD than BMI (Haffner et al., 1987). Excess fat accumulation in the intra-abdominal region 

is referred to as “android obesity” which is most likely to be associated with an altered risk 

factor profile contributing to CVD and type 2 diabetes, while “gynoid obesity” (lower body 

obesity located around the hips and buttocks) is seldom associated with metabolic 
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complications. Therefore, waist circumference is considered an important indicator of 

abdominal obesity and relative risk of co-morbidities. The waist circumference which is 

associated with an increased risk of disease is defined as: Men >102 cm (40 in); Women >88 

cm (>35 in) (Expert Panel on Detection Evaluation and Treatment of Overweight in Adults, 

1998). 

Furthermore, BMI and relative disease risk varies among different ethnic populations (World 

Health Organization, 2000b). Studies have shown that Asians are at an increased risk of 

developing metabolic syndrome with a lower BMI compared to other ethnic groups (World 

Health Organization, 2000a). Consequently WHO developed specific BMI criteria for 

Asians, where a BMI of 23 is considered overweight and a BMI >25 is considered obese 

(World Health Organization, 2000a).  The recommended waist circumference for all ethnic 

groups is yet to be determined. It is thought that waist circumference may be lower for Asian 

men compared to Caucasian men and are possibly higher for Pacific Islanders and African 

Americans. Currently, the limited data available indicates that the risk factors in Aboriginal 

groups seem to be comparable to those in Asian groups and the risk factors in Torres Strait 

Islanders seem to be similar to those found in Pacific Islander populations as well (Australian 

Better Health Initiative, 2008). Table 2.3 shows the ethnic specific values for waist 

circumference (Australian Better Health Initiative, 2008). 
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Table 2.3: Ethnic specific values for waist circumference      

                                                                                                                      

 Country/ethnic group Waist circumference (cm) 

Europids Male >94 

  Female >80 

      

South Asians (Chinese, Malay & Asian Indian) Male >90 

  Female >80 

      

Chinese Male >90 

  Female >80 

      

Japanese Male >90 

  Female >80 

      

Ethnic South and Central Americans 
Use South Asian recommendations until more specific data 

are available 

Sub-Saharan Africans Use European data until more specific data are available 

Eastern Mediterranean and Middle East (Arab) 

populations 
Use European data until more specific data are available 

 

WHR ratio is another useful screening tool to determine upper body fat distribution and 

potential CVD risk. Males with a WHR >1.0 and females with a ratio of >0.8 have a 

significantly increased risk of CVD (Dalton et al., 2003). Table 2.2 shows the classification 

of overweight and obesity by BMI, waist circumference and associated disease risk (Dalton et 

al., 2003). 

 

2.2.1.2 Prevalence of obesity  

According to the Australian Bureau of Statistics, in 2011-2012, there were 63.4 % of 

Australian adults aged 18 years or over with a BMI in either the overweight or obese range 

(35 % overweight; 28.3 % obese) (Australian Bureau of Statistics., 2013). Furthermore, there 

were 35.2 % who were within the normal weight range and 1.5 % were considered 

underweight. The prevalence of overweight and obesity was higher in men compared to 
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women (70.3 % versus 56.2 %). Generally, in 2011-2012, overweight and obesity rates 

increase with age (Australian Bureau of Statistics., 2013). The lowest rates of overweight and 

obesity are seen in 18-24 year olds, and then peaked for males between the ages of 45-74 and 

55-74 for females (Australian Bureau of Statistics., 2013).  In 2011-2012, 66 % of females 

and 60 % of males had a waist circumference indicative of an increased risk to poor health, 

which showed an increasing trend with age in both males and females (Australian Bureau of 

Statistics., 2013). National surveys had identified contributing factors to the raise in 

overweight and obesity rates. The findings from the 1995 National Nutrition Survey, together 

with the results from 1983 National Dietary Survey of Adults showed a significant increase in 

energy intake (350 kilojoules or 3-4 % or one slice of extra bread per day) (Cook, 2001).  

 

2.2.1.3 Aetiology of obesity 

Body weight regulation involves complicated feedback systems which result in changes in 

energy intake, appetite and energy expenditure.  Even though excess body weight usually 

occurs as a result of a chronic positive shift of the energy balance equation, as a result of an 

increase in energy input and a reduction in energy output, the causative factors of overweight 

and obesity are complex.  Dietary intake and physical activity are central to the energy 

balance equation, however each are influenced directly and indirectly by a complex 

multifaceted system of determinants, which include social, behavioural, environmental, 

psychological and genetic factors. The components of energy balance, including energy 

intake and energy expenditure interact with each other to affect body weight (National Health 

and Medical Research Council., 2013). The human body attempts to stabilize energy balance 

via a complex negative feedback system which involves the following hormones: an increase 

in hunger (e.g. ghrelin), inhibition of energy intake in the short term (e.g. cholecystokinin, 
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peptide YY, glucagon-like peptide-1), inhibition of energy intake in the long term (e.g. leptin, 

insulin) and an increase in metabolic rate, and energy expenditure (e.g. triiodothyronine 

[T3]). 

This negative feedback system responds to alterations in body fat and energy stores through 

modulation of appetite, energy intake and energy expenditure with the aim of maintaining 

equilibrium in body weight over time (Sumithran et al., 2011). Under normal circumstances, 

this system defends against weight gain as well as weight loss, however an energy surplus 

that is large and sustained cannot be maintained, which will therefore result in weight gain 

(Sumithran et al., 2011).  A continuation in weight gain will occur until a new weight results 

in an increase in energy expenditure and energy balance is re-established (Rosenbaum et al., 

2008). This physiological process seeks to maintain energy balance at a higher body weight 

and will defend against weight loss through an increase in appetite and reducing energy 

expenditure, if there is an energy deficit (Rosenbaum et al., 2008). Therefore overweight and 

obesity can result from the upward resetting of the defended level of body weight, rather than 

the passive accumulation of excess body fat. Factors that affect the physiological control of 

body weight and energy balance include: A high energy dense diet, large portion sizes of 

foods and drinks high in fat and sugar (e.g. fast food, soft drinks) and a low intake of low 

energy foods (vegetables, fruit) and lastly, the adoption of sedentary behaviour and low 

physical activity levels. 

These behavioural and lifestyle factors lead to alterations in adipose tissue structure (e.g. 

hypertrophy and hyperplasia of adipocytes as well as inflammation) and secretion of 

hormones (e.g. adipocytokines) (National Health and Medical Research Council., 2013). 

There are many other complex interactions between biological (e.g. inheritability, epigenetic 

changes, early life experience), behavioural (e.g. eating and activity habits, stress), social 
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factors and environmental factors (e.g. food supply, portion sizes, culture, urban design, 

occupation, disrupted sleep)  which are involved in the regulation of energy balance and fat 

stores (National Health and Medical Research Council., 2013).  

 

2.2.2 Obesity, insulin resistance and the development of metabolic syndrome 

The pathogenesis of metabolic syndrome is multifactorial. Several investigations have 

demonstrated that visceral adiposity is the core predictor of impaired glucose tolerance 

(Hayashi et al., 2003), insulin sensitivity (Fujimoto et al., 1994, Carey et al., 1996, Cnop et 

al., 2002, Katsuki et al., 2003, Wagenknecht et al., 2003), dyslipidemia (Pascot et al., 2001, 

Katsuki et al., 2003, Nieves et al., 2003) and elevated blood pressure (Kanai et al., 1996) 

which are all components of the metabolic syndrome. Consequently, obesity has been 

recognised as one of the major causative factors of metabolic syndrome. Insulin resistance 

has also been considered a potential etiological factor, with many investigators placing a 

greater importance on insulin resistance rather than obesity in pathogenesis (Reaven, 1988, 

Ferrannini et al., 1991). It was argued that insulin resistance directly causes other metabolic 

risk factors. Determining the unique role that insulin resistance plays in the development of 

metabolic syndrome is complicated by the fact that it is strongly linked to obesity. A rise in 

insulin resistance is generally observed with the concurrent increase in body fat content 

(Abbasi et al., 2002). Several studies have shown that visceral adiposity correlates with 

glucose intolerance with the presence of hyperinsulinemia during an oral glucose tolerance 

test, depicting an insulin-resistance state (Fujioka et al., 1987). This is evident with an 

overload of non-esterified fatty acids in the muscle and lipids in the liver, which is linked 

with an insulin resistant state. It has been shown that free fatty acids compete with glucose 

for substrate oxidation in the rodent cardiac muscle, thus suggesting that elevated free fatty 
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acid oxidation induces insulin resistance. A rise in intracellular concentration of free fatty 

acids results in an increase in intramitchondrial acetyl CoA/CoA and NADH/NAD+ ratios. In 

turn, pyruvate dehydrogenase is inactivated (Figure 2.3) (Defronzo, 2006). Furthermore, this 

would then result in an increase in intracellular citrate concentrations and therefore causing 

the inhibition of phosphofructokinase (a pivotal enzyme involved in glycolysis) (Randle et 

al., 1963, Petersen and Shulman, 2002a). Subsequently, this gives rise to the accumulation of 

glucose 6-phosphate which would then lead to the inhibition of hexokinase II activity and 

finally the rise in intracellular glucose concentration and a decline in glucose uptake. 

 

 

 

 

 

 

 

 

 

 

Figure 2.3: Mechanism of fatty acid-induced insulin resistance in the skeletal muscle 

(Randle et al., 1963); HK, hexokinase II; PFK, phosphofructokinase; PDH, pyruvate 

dehydrogenase; PKCθ, protein kinase Cθ. 
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Fatty acids circulate in the blood as triglycerides (lipoproteins) or as non-esterified fatty acids 

(Abate et al., 1995). Upper body obesity is associated with an increase in free fatty acid 

levels, which may lead to ectopic lipid accumulation (lipid deposition in non-adipose tissue 

organs i.e. skeletal muscle) (Petersen and Shulman, 2002b, Yu et al., 2002). Therefore, 

saturation of adipose tissue and ectopic fat storage in metabolically active tissues known to be 

highly insulin-responsive i.e. skeletal muscle (Heilbronn et al., 2004) results in lipotoxicity 

(lipid induced metabolic damage; lipid uptake exceeds capacity of lipid storage) and altered 

secretion of adipocytokines (Carr et al., 2004). These cascading events are thought be the 

major underlying mechanisms of metabolic syndrome.  

It has been demonstrated that adipose tissue is not just simply an inert storage depot for 

lipids. Adipocytes are known to synthesize and secrete several biologically active proteins 

into the blood circulation. These bioactive proteins are referred to as “adipocytokines” 

(adipocyte-derived hormones). Intra-abdominal fat is metabolically active as a source of 

adipocytokines. Secretory proteins collectively named adipocytokines include leptin (Yun et 

al., 2010), adiponectin (Yatagai et al., 2003, Cnop et al., 2003), plasminogen activator 

inhibitor type 1 (PAI-1) (Alessi et al., 1997, Giltay et al., 1998) tumour necrosis factor alpha 

(TNF-α) (Katsuki et al., 1998, Bertin et al., 2000, van Harmelen et al., 2002), non-esterified 

fatty acids (Abate et al., 1995), interleukin 6 (IL-6) (Fontana et al., 2007) and many others.  

Circulating leptin is a hormone secreted by adipocytes as a product of the obese (ob) gene 

that reflects the body’s fat content (Zhang et al., 1994). Circulating leptin increases in 

response to saturation of adipose tissue (de Luis Roman et al., 2006, Keim et al., 1998, Heini 

et al., 1998, Yun et al., 2010). Genetic deficiency of leptin in rodents (Caro et al., 1996) and 

humans (Montague et al., 1997) leads to hyperphagia and obesity. Several studies have 

demonstrated that in humans leptin circulates in direct proportion to adipose tissue mass 
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(Maffei et al., 1995, Considine et al., 1996, Ostlund et al., 1996, Havel et al., 1996). Human 

obesity is characterized by raised leptin levels, indicative of a leptin-resistant state in obese 

patients (Considine et al., 1996, de Luis Roman et al., 2006). Leptin mRNA expression and 

protein levels are much higher in obese than lean individuals (Maffei et al., 1995).  Therefore, 

circulating leptin plays a crucial factor in the development of obesity (Yun et al., 2010).  

Adiponectin is one of the most abundant adipose tissue specific adipocytokines. Adiponectin 

has been demonstrated to be in lower levels in individuals with obesity (Arita et al., 1999), 

type 2 diabetes (Hotta et al., 2000), insulin resistance (Weyer et al., 2001), dyslipidemia 

(Matsubara et al., 2002a), coronary heart disease (Ouchi et al., 1999) in addition to peripheral 

resistance to adiponectin in skeletal muscle (Mullen et al., 2009). Low levels of plasma 

adiponectin have also been inversely associated with BMI (Arita et al., 1999).  With a 

reduction in body weight in obese individuals, plasma adiponectin concentrations have been 

found to increase, therefore indicating that obesity related hypoadiponectinemia is reversible 

(Hotta et al., 2000).  

Studies have shown that adiponectin is capable of enhancing insulin sensitivity, increasing 

fatty acid oxidation and glucose uptake, as well as suppressing hepatic glucose production 

(Wu et al., 2003, Berg et al., 2001, Combs et al., 2001, Fruebis et al., 2001, Yamauchi et al., 

2001). These studies suggest that adiponectin acts through multiple tissues to enhance insulin 

sensitivity therefore adiponectin has insulin sensitizing properties.  

Adiponectin has been shown to reduce or inhibit TNF-α signalling pathway in cultured 

human aortic endothelial cells by inhibiting the expression of intercellular adhesion 

molecules, vascular cell adhesion molecules and E-selectin in endothelial cells (Ouchi et al., 

1999). Adiponectin has also been shown to reduce lipopolysacharide TNF-α production in 

cultured macrophages by suppressing phagocytic activity (Yokota et al., 2000). Therefore 
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these studies suggest that adiponectin may have anti-inflammatory and anti-atherogenic 

properties (Matsubara et al., 2002b, Yang et al., 2001).  

TNF-α has been identified as a proinflammatory adipocytokine expressed in adipose tissue 

(Hotamisligil et al., 1993). Studies have demonstrated that TNF-α may induce insulin 

resistance and is suggested to represent a link between obesity and insulin resistance 

(Hotamisligil et al., 1993). Evidence shows that TNF-α promotes insulin resistance by the 

inhibition of the insulin receptor substrate 1 signalling pathway (Hotamisligil et al., 1996). 

The expression of TNF-α in adipose tissue is greatly induced by obesity in both human and 

animal studies (Hotamisligil et al., 1995, Hotamisligil et al., 1993). The degree of obesity and 

level of insulin resistance is strongly correlated with an increase in TNF-α mRNA expression 

in obese human and animal model studies (Kern et al., 2003, Kern et al., 2001).  

IL-6 is another proinflammatory adipocytokine secreted by adipose tissue. Elevated levels of 

IL-6 have also been strongly associated with insulin resistance (Vozarova et al., 2001). The 

risk of developing type 2 diabetes increases significantly with increased levels of IL-6 

(Pradhan et al., 2001). Following weight reduction in obese individuals, IL-6 levels in serum 

and subcutaneous adipose tissue are significantly decreased  (Bastard et al., 2000).  

Elevated circulating levels of PAI-1 have reportedly been shown to be linked with obesity 

(Mavri et al., 1999, McGill et al., 1994). PAI-1 is positively linked with BMI in both women 

(Landin et al., 1990) and men (Urano et al., 1993). PAI-1 is also associated with other 

anthropometric measures of obesity including WHR, reflecting central obesity and with 

several metabolic abnormalities such as insulin and plasma triglycerides (Juhan-Vague et al., 

1987).  With weight reduction, there is a significant decrease in plasma PAI-1 which is 

strongly correlated with changes in adipose tissue (Mavri et al., 1999).  
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Different adipose tissue compartments may be associated with differential metabolic risk 

(Poirier and Despres, 2003). Excess upper body fat can accumulate either as subcutaneous 

adipose tissue or visceral adipose tissue (Fox et al., 2007). Subcutaneous adipose tissue can 

be separated into a deep and superficial layer by fascia. Visceral fat and deep subcutaneous 

fat are metabolically active while superficial adipose tissue is comparatively inert 

metabolically (Sniderman et al., 2007). Therefore visceral fat and deep subcutaneous fat 

provide a greater link with metabolic syndrome.  

An increase in body weight leads to an increased rate of lipolysis in abdominal fat depots, 

which results in an increase in non-esterified fatty acids (Nicklas et al., 1996). An increase in 

non-esterified fatty acids in the liver leads to an increase in hepatic gluconeogenesis and 

lipoprotein production as a result of hepatic insulin resistance and an increase in very low 

density lipoprotein (VLDL) cholesterol (Rendell et al., 2001). Consequently, abnormalities 

including dyslipidemia and hepatic steatosis (non-alcoholic fatty liver disease) may occur 

(Misra and Vikram, 2003). Therefore, there are several factors involved in the pathogenesis 

of metabolic syndrome and associated manifestations, with central obesity and insulin 

resistance as the core contributing factors of the condition.   

 

2.2.3 Dyslipidemia and metabolic syndrome 

Dyslipidemia is an important component of metabolic syndrome, characterized by elevated 

total cholesterol and triglycerides and low high density lipoprotein (HDL) cholesterol and 

high low density lipoprotein (LDL) cholesterol levels. Abnormalities in blood lipid profile 

can increase the risk of developing CHD and cardiovascular diseases (Brewer, 1999).   
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LDL particles are major carriers of cholesterol, transporting 60 % of total circulating 

cholesterol. LDL cholesterol is derived from VLDL cholesterol and transports cholesterol to 

peripheral tissues.  Elevated levels of LDL in the blood contribute to the initiation and 

progression of arterial plaque which can lead to the development of atherosclerosis (Thomas, 

2001). HDL are small dense particles derived from chylomicron hydrolysis, and are 

composed primarily of protein and transport cholesterol from cells back to the liver (Thomas, 

2001, Whitney E & Rolfes S, 2008). HDL is involved in the removal of unesterified 

cholesterol and other lipoproteins from cells where it may have built up and then is returned 

to the liver for excretion. Epidemiological studies have identified a strong inverse 

relationship between high HDL cholesterol and CHD (Assmann et al., 1996b). It has been 

established that cholesterol and other lipoproteins are transported from peripheral cells in an 

esterified form back to the liver, in turn reducing cholesterol deposition in the vascular 

endothelium.  HDL particles may provide other beneficial properties including anti-oxidative, 

anti-inflammatory, anti-atherosclerotic and anti-thrombotic properties (Chapman, 2006).    

Dysfunction of HDL is an independent pro-atherogenic factor.   

Triglycerides are found in VLDL cholesterol and elevated levels of triglycerides are 

associated with an increased incidence of coronary events (Assmann et al., 1996a). A study 

conducted by Hokanson et al (1996), suggested that for every 1 mmol/L increase in serum 

triglyceride concentration, the relative risk of CHD increased by 37 % in women and 14 % in 

men (Hokanson and Austin, 1996).  

The link between dyslipidemia and obesity is associated with an increase in triglyceride level. 

Abdominal fat exhibits increased lipolytic activity, chiefly in the visceral depot which has 

been shown to affect insulin action and the disposal of glucose through a rise in non-

esterified fatty acids (Griffin et al., 1999). This increase in free fatty acids in the visceral 
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depot is then drained into the portal circulation, therefore affecting hepatic insulin sensitivity 

thereby resulting in an increase in hepatic glucose production. In turn the increase in free 

fatty acids can lead to the ectopic accumulation of triglycerides in the liver and muscle 

(Ginsberg, 2000).  

An influx of free fatty acids into the liver causes a rise in hepatic triglyceride content in obese 

individuals, which increases the likelihood of developing dyslipidemia. Hepatic triglyceride 

overload is the result of an elevation in serum triglycerides. In turn, the liver secretes VLDL 

into the blood stream which often occurs with an altered lipid turnover in peripheral tissues 

(Lemieux et al., 2000).  

Visceral adiposity has been shown to be significantly associated with lower HDL cholesterol 

(Pascot et al., 2001), higher triglycerides levels (Ribeiro-Filho et al., 2003) and higher LDL 

cholesterol (Pascot et al., 2000). A study conducted by Chehrei et al., (2007) observed a 

significant correlation between dyslipidemia and central obesity using waist circumference 

and waist to height ratio as predictors of metabolic risk (Chehrei et al., 2007). 

 

2.2.4 Non-alcoholic fatty liver disease  

Non-alcoholic fatty liver disease (NAFLD) is characterized by fatty infiltration of liver cells 

(simple steatosis), fatty liver accompanied by inflammation (steatohepatitis) and end stage 

liver disease (Brea et al., 2005). NAFLD is strongly linked with visceral obesity, insulin 

resistance, type 2 diabetes, hypertriglyceridemia, and reduced HDL cholesterol (Marchesini 

et al., 2001). NAFLD is considered a hepatic manifestation of metabolic syndrome which 

includes several pathologies such as steatosis, inflammation, fibrosis and cirrhosis of the liver 

(Riley et al., 2007).  
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Contributing factors involved in the development and progression of NAFLD include insulin 

resistance, oxidative stress, excess accumulation of triglycerides in hepatocytes and 

inflammatory adipocytokines  (Riley et al., 2007). However, the specific mechanisms 

underlying the cause of the disease are yet to be fully elucidated.   Studies have established a 

correlation between fatty liver disease and risk factors of metabolic syndrome (Hsiao et al., 

2007). Also evidence suggests that NAFLD can exacerbate CVD risk independent of the 

metabolic syndrome (Targher et al., 2005).  

γ-glutamyltransferase (GGT) and serum alanine aminotransferase (ALT) concentrations are 

known markers of hepatocyte injury and have been shown to be associated with liver lipid 

content, insulin resistance and histological features of NAFLD (Vozarova et al., 2002, Dixon 

et al., 2006). Higher levels of ALT are linked with a decrease in hepatic insulin sensitivity 

and the incidence of type 2 diabetes (Hanley et al., 2004).  

Recent findings have shown an associated between NAFLD and carotid artery intima-media 

thickness, a marker of early stage atherosclerosis (O'Leary and Polak, 2002, Brea et al., 

2005). Evidence suggests that hepatic lipid build-up is atherogenic beyond its link with 

insulin resistance (Brea et al., 2005). The mechanisms behind NAFLD and accelerated 

atherosclerosis are poorly understood. Many studies have documented that insulin resistance 

predicts CVD and plays a major role in the development of poor clinical outcomes in patients 

with NAFLD (McCullough, 2004). Advanced NAFLD may act as a stimulus for enhancing 

insulin resistance and dyslipidemia, resulting in accelerated atherosclerosis (Targher et al., 

2005). These findings are confirmed in recent work demonstrating that increased liver 

enzymes independently predict metabolic syndrome development (Hanley et al., 2005).  

The mechanism linking carotid intima-media thickness and NAFLD might be associated with 

subclinical inflammation and elevated oxidative stress, which are said to be causative factors 
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involved in the progression of simple steatosis to NAFLD in more advanced forms 

(McCullough, 2004).   The presence of reactive oxygen species (ROS) as a result of steatosis-

stimulated fatty acid oxidation, cytokine release, hepatocyte injury and a proinflammatory 

state is likely to be responsible for the liver damage seen in NAFLD and cause further 

atherogenic stimuli to the already high proinflammatory/oxidative state associated with 

metabolic syndrome (Eckel et al., 2005).  

 

2.2.5 Atherosclerosis, inflammation and metabolic syndrome 

Many features of metabolic syndrome such as visceral obesity are linked with a low-grade 

inflammatory state (Paoletti et al., 2006). Evidence suggests that inflammatory cytokines and 

endothelial dysfunction (as outlined in Figure 2.4) are associated with metabolic syndrome, 

which has led to the development of an inflammatory-based causal pathway (Maury and 

Brichard, 2010).  

 

 

 

 

 

 

Figure 2.4: Adipokines involved in the pathogenesis of metabolic syndrome (Maury and 

Brichard, 2010).  
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Metabolic syndrome is thought to be the first order risk factor for atherothrombotic 

complications. Metabolic syndrome is linked with increased carotid intima-media thickness 

in adults (Skilton et al., 2007). It has been demonstrated that there is a significant relationship 

between increased LDL levels and carotid atherosclerosis in metabolic syndrome (Montalcini 

et al., 2005). LDL cholesterol is a strong predictor of CHD in patients with diabetes and 

insulin resistance (Howard et al., 2000). Furthermore, individuals with risk factors linked 

with insulin resistance and high LDL cholesterol were related to an excess of carotid 

atherosclerosis (Golden et al., 2002). This finding suggests that high levels of LDL 

cholesterol play an important role in the pathogenesis of atherosclerosis.  

This lipoprotein is a strong predictor of oxidized LDL (oxLDL) levels, which is a key 

mediator in atherosclerosis (Montalcini et al., 2005). Oxidation of LDL is a hallmark of the 

development of atherosclerosis (Witztum, 1994). Circulating levels of oxLDL and C-reactive 

protein (CRP) are associated with excess abdominal fat (defined by waist circumference), 

which are known risk factors of atherosclerosis (Weinbrenner et al., 2006, Ridker, 2003, 

Barinas-Mitchell et al., 2001).  

Uric acid is also a biomarker for atherosclerosis. Although uric acid is not part of the 

metabolic syndrome definition, many epidemiological studies have observed associations 

between elevated levels of serum uric acid levels and CVD risk and metabolic syndrome 

(Kawamoto et al., 2006). Increase uric acid may induce endothelial dysfunction, 

inflammation and insulin resistance  (Kanellis and Kang, 2005). Elevated uric acid is also 

associated with BMI, hypertension and dyslipidemia (Ishizaka et al., 2005).  

In addition, hyperhomocysteinemia is a cardiovascular risk factor that has been shown to 

result in endothelial dysfunction. This has been identified in animal models with 

hyperhomocysteinaemia (Virdis et al., 2003). Individuals with severely high levels of 
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homocysteine may present with a rare genetic disorder referred to as homocystinuria which is 

linked with early arteriosclerosis (Malinow, 1995). Severe hyperhomocysteinaemia is an 

important atherosclerotic arterial disease and can also lead to hepatic steatosis (Ferre and 

Foufelle, 2007).  

Microalbuminuria is also a predictor of cardiovascular disease and mortality. Studies have 

shown that microalbuminuria is associated with central obesity and hypertension 

(Palaniappan et al., 2003). It has been suggested that microalbuminuria is involved in the 

development of vascular endothelial damage by increasing vascular permeability and 

therefore can be seen as an early indicator of atherosclerosis (Palaniappan et al., 2003).   

Various components of metabolic syndrome are related to specific inflammatory markers 

including CRP, white cell count and fibrinogen. For instance, increasing levels of CRP is 

associated with abdominal obesity (increased waist circumference), BMI, dyslipidemia, 

hypertension and insulin resistance (Festa et al., 2000). Highly sensitive CRP plasma levels 

are elevated in patients with insulin resistance, obesity and are predictors of diabetes and 

CHD (Festa et al., 2000). Furthermore, CRP is used as an indicator tool to predict the 

occurrence of future cardiovascular events (Clearfield, 2005).  

The adipocytokines including leptin, TNF-α, PAI-1, IL-6 and angiotension contribute to 

vascular inflammation and oxidative stress (Dandona et al., 2005). Leptin has been shown to 

have anti-fibrinolytic and procoagulant properties. Also leptin is involved in thrombus 

formation and atherosclerosis through the amplification of vascular inflammation and 

proliferation, while adiponectin promotes insulin sensitivity and inhibits inflammation 

(Nieuwdorp et al., 2005). Adiponectin has also been found to decrease the endothelial 

expression of vascular cell adhesion molecule-1(VCAM-1), intercellular adhesion molecule-1 

(ICAM-1), P-selectin, reduces macrophage phagocytic activity and inhibits foam cell 
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formation in vitro (Yokota et al., 2000). In contrast, resistin is expressed in macrophages and 

correlates with inflammatory markers, increases the gene expression of ICAM-1 and VCAM-

1 whilst enhancing monocyte chemoattractant protein-1 (Verma et al., 2003). Thus, resistin 

and adiponectin interfere with monocyte adherence to vascular endothelium, thereby 

stimulating monocytic migration to the subendothelial space, which is a major event involved 

in the development of atherosclerosis.  

 

2.2.6 Hypertension and metabolic syndrome 

High blood pressure is a well-recognized component of metabolic syndrome and by itself an 

important risk factor for cardiovascular disease. Hypertension appears to be the strongest 

predictor of cardiovascular mortality out of all the components of metabolic syndrome. The 

pathological mechanisms of hypertension in metabolic syndrome are not fully understood. 

Hypertension in metabolic syndrome has multifactorial causes with the following 

mechanisms thought to play a pivotal role in the pathophysiology of metabolic syndrome’s 

hypertension, these include: sympathetic hyperactivation, increased renin-angiotensin-

aldosterone activity and endothelial dysfunction (Mendizabal et al., 2013).   

Hyperinsulinemia, hyperleptinemia and hyperlipidemia are the three main conditions typical 

of the metabolic syndrome that may lead to the exacerbation of sympathetic tone. It has been 

reported that hyperinsulinemia causes a considerable rise in circulating noradrenaline 

concentrations accompanied by an elevation in blood pressure (Rowe et al., 1981). 

Furthermore, high levels of insulin increase sodium reabsorption  which may lead to 

expansion of extracellular fluid volume thereby predisposing hypertension (Vierhapper, 

1985).   
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In addition, obesity impairs renal-pressure natriuresis and causes sodium retention. Arterial 

pressure is elevated in obese subjects in order to maintain sodium balance, which indicates 

renal-pressure natriuresis (Hall, 1997). According to the Framingham study, risk estimates 

show that approximately 80 % of hypertension in men and 65 % in women can be attributed 

to obesity (Garrison et al., 1987). There is a clear link observed between arterial pressure and 

BMI. The prevalence of obesity has increased dramatically in the past decade which has 

given rise to the prevalence of hypertension globally (Sharma and Chetty, 2005). 

Hypertension is associated with moderate weight gain, however there is variability in the 

blood pressure response to weight gain, therefore hypertension may not occur in all obese 

individuals (Bjorntorp, 1987). For example, the North American Pima Indians have a high 

prevalence of obesity, however they do not have the corresponding high incidence of 

hypertension (Berchtold et al., 1981).  

Furthermore, there is a link between elevated circulating leptin levels, obesity and an increase 

in sympathetic activity. High levels of circulating leptin are associated with an increase in 

renal sympathetic tone seen in obese subjects (Eikelis et al., 2003). Elevated leptin 

concentrations in obese subjects elicit endothelial dysfunction by nitrogen oxide (NO)-

dependent vasodilation as well as causing impairment of endothelial-dependant relaxation, 

thus producing endothelial dysfunction (Knudson et al., 2005). Also, high levels of 

circulating levels of free fatty acids in central obesity is associated with an increased 

sympathetic nerve outflow (Alvarez et al., 2002).  

High levels of circulating adiponectin have been found to carry out a preventable role in the 

development of vascular changes by improving NO-dependent vasodilation via opening 

voltage-dependent potassium channels (Fesus et al., 2007). While low concentrations of 
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adiponectin are associated with insulin resistance, thus resulting in vascular changes which 

could provide a background into hypertension. 

 It has also been demonstrated that insulin is involved in the stimulation of endothelin-1 

(vasoconstrictor) gene expression in endothelial cells (Oliver et al., 1991). It was then shown 

that insulin modulates circulating endothelin-1 levels (Wolpert et al., 1993) and high levels of 

plasma endothelin-1 have been observed in subjects with diabetes (Ferri et al., 1995). It is 

proposed that hyperinsulinemia observed in insulin resistance causes an elevation in sodium 

reabsorption and sympathetic activity, thereby increasing arterial pressure. To support this 

hypothesis, there is evidence of a corelation between high blood pressure levels and insulin 

resistance (Modan et al., 1985) and essential hypertension has been asserted as an insulin 

resistance state (Ferrannini et al., 1987).  

The renin-angiotensin-aldosterone system (RAAS) plays an imperative role in controlling 

blood pressure through the modulation of vascular tone and renal function. There is evidence 

of an increase in RAAS activity in subjects with metabolic syndrome, thus contributing to 

obesity-induced hypertension. For instances, plasma renin activity, and the production of 

angiotensin II are elevated in obese subjects (Hall, 1997). Furthermore, expression of 

angiotensinogen is higher in intra-abdominal fat, which would explain the elevated 

circulating concentrations observed in obesity (Boustany et al., 2004). Aldosterone is closely 

related to the physiology of angiotensin II, which has been found to be elevated in the 

majority of obese hypertensive subjects with central adiposity (Goodfriend and Calhoun, 

2004).  In addition, increased levels of aldosterone are induced by hyperinsulinemia which 

could provide a potential mechanism for the development of complications seen in 

hypertensive obese subjects (Rocchini et al., 1990).  
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SECTION III: A REVIEW ON THE EFFICACY OF CARALLUMA FIMBRIATA 

EXTRACT AND CITRUS SINENSIS EXTRACT IN THE TREATMENT OF 

METABOLIC SYNDROME 

 

2.4.1 Background 

Excess central adiposity and its concomitant health risks are amongst the most common 

health conditions managed by allied health professionals. Effective strategies are needed to 

intervene in the development and progression of obesity and associated metabolic disorders. 

The use of botanical extracts for weight loss has become a rapidly growing therapeutic area, 

which is widely embraced by the general public. However, even though there are many 

beneficial effects of botanical extracts with anti-obesity potential reported in the literature 

(Santos et al., 2010), there are also several limitations associated with using botanical extracts 

as therapeutic agents that should be mentioned. These may include the following (Fabricant 

and Farnsworth, 2001): 

1. The active constituent/ingredients are often unknown or only partly explained. 

2. Adverse effects from plant extracts are not well documented in the literature. 

3. It is difficult to relate one class of phytochemicals to specific biological targets. 

4. Plants as biologic systems have inherent potential variability in their chemistry and 

resulting biologic activity. 

5. Botanical supplements are usually mixtures of many constituents. 

6. The source and quality of the raw material are variable. 
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Botanical extracts in combination with lifestyle modification may be effective agents for 

attenuating the development of metabolic syndrome as they often comprise of a vast range of 

bioactive compounds that possess multiple mechanisms of action that may potentiate each 

other’s activity or elicit a synergistic effect, enabling a greater benefit than that of a single 

chemical entity (Graf et al., 2010).  

Furthermore, the use of these botanical extracts is often attributed to appetite suppressing 

properties, which may act by causing a reduction in hunger and energy intake thereby 

facilitating significant changes in body composition. Therefore, it is possible that the 

complexity of this metabolic disorder “metabolic syndrome” may be addressed with a 

treatment strategy comprising of a combination of these complex compounds that possess 

appetite suppressing and anti-obesity properties.  Commonly available botanical extracts with 

potential appetite suppressing and anti-obesity properties were critically reviewed (Astell et 

al., 2013c, Astell et al., 2013b). Please refer to Appendix 1 and Appendix 2 for full 

publications.  

Despite the widespread use of putative botanical supplements with anti-obesity, anti-diabetic, 

anti-hypertensive and lipid lowering benefits, few botanicals have been evaluated effectively 

in randomised double blind placebo controlled clinical trials. This thesis will focus on the 

effectiveness of two botanical supplements, chiefly Caralluma fimbriata and Citrus sinensis 

(Moro variety) for the treatment of metabolic syndrome. 
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2.4.2 Caralluma fimbriata extract  

2.4.2.1 Description of C. fimbriata  

The Genus Caralluma belongs to the Apocynaceae family under the subfamily 

Asclepiadoideae (Milkweed family) (Pellati et al., 2002). The Apocynaceae family is in the 

major group Angiosperms (Flowering plants). The Apocynaceae family is composed of 

approximately 260 species that are grouped into three subgenera: Caralluma subgen. 

Boucerosia (Wight & Arn.) M.G.Gilbert, Caralluma subgen. Desmidorchis (Ehrenb) 

M.G.Gilbert, and Caralluma subgen. Urmalcala M.G.Gilbert (Pusztai et al., 1995). 

Previously, the Caralluma genus was placed in the Asclepiadaceae family, however, it has 

since been merged into the Apocynaceae family (Pellati et al., 2002).  

The Genus Caralluma comprises of approximately 70 species and was first named by Brown 

R. (1810) to illustrate an Indian species Caralluma adscendens with an especially 

characteristic elongated flowering succulent stem. Many variations of C. adscendens have 

been acknowledged in India and Sri Lanka, including var. attenuata (Wight 1848) Gravely & 

Mayuranathan (synonymous name: Caralluma attenuata) and var. fimbriata (Wallich 1830) 

Gravely & Mayuranathan (synonymous name: Caralluma fimbriata). Caralluma subulata 

(Forssk. ex Decne. 1938) from the Arabian Peninsula and Caralluma dalzielii (N.E.Br. 1812) 

from the Sahelian zone in Africa east to Somalia have been placed into synonymy with 

Caralluma adscendens var. adscendens a long time ago (Grant et al., 1993).  

In western India, this perennial herb has many local names, which include: Ranshabar, 

Makad shenguli, Shindala makadi, Kullee Mooliyan, Karallamu, and Yungmaphallottama 

(Donatucci et al., 1987).  
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2.4.2.2 Morphology of C. fimbriata 

C. fimbriata is a small shrub that has succulent stems (30-60 cm tall, 2 cm diameter) with 

erect branches growing basally. The recumbent stems are concavely 4-angled to the apex 

narrowing to a pointed tip. The tubercles are blunt and protruding, extending upwards and 

horizontally with reddish dots and milky white sap (latex) is found. The angled stems are 

covered with spines that are actually small caducous leaves. Rudimentary, the leaves of the 

succulent are small and simple (Grant et al., 1993). One or two flowers can be found on a 

stem and are situated axillary and scattered. The flower has both stamens and carpels 

therefore it is bisexual or a “perfect” flower. The fleshy flowers are star-shaped (5-merous), 

regular, drooping and emit a fetid smell (Figure 2.5).  These foul smelling flowers are some 

of the worst smelling succulents (Grant et al., 1993). 

 

Figure 2.5 Flower of C. fimbriata 

The stalk supporting the flower (Pedicel) is 1-4mm long and the sepals are triangular (2-3 

mm long) and sharply pointed (acute) (Figure 2.6).  The petals of the flower (Corolla) are 2.5 

cm in diameter, flat and bell-shaped (Campanulate). The flowers are pale green with small 

purple dots that are at times striped. The corolla lobules (1-3 cm x 1-1.5 cm) are oval shaped, 

http://www.google.com.au/imgres?sa=X&biw=1366&bih=611&tbm=isch&tbnid=piNvmcXa6cLkoM:&imgrefurl=http://database.prota.org/PROTAhtml/Caralluma adscendens_En.htm&docid=Nspd-6ldZhOlfM&imgurl=http://database.prota.org/PROTAhtml/Photfile Images/Caralluma adscendens Barad flower.jpg&w=533&h=400&ei=Z0TfUry9DY_UkgXijIH4CA&zoom=1&ved=0CIYBEIQcMBA&iact=rc&dur=31830&page=1&start=0&ndsp=18
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lanceolate, bluntly acuminate, horizontally striped and basally broader, with the apex having 

long hairs and is brownish to red in colour. The outer corona or crown is bowl-shaped, with 

the lobes brown to dark purple in colour, while the inner corona lobes are longer, thread-like 

and deeply divided. The fruit consists of a pair of fusiform follicles (10-15 cm x c. 1 cm) and 

apex acuminate. The seeds are oblong (c. 12mm x c. 4mm) with a turf of white hairs (3-4 cm 

long) on the apex of the seed.  The flowers are pollinated and greatly attract flies (Grant et al., 

1993).  

 

Figure 2.6 Stem of C. fimbriata  

2.4.2.3 Origin, propagation, planting, harvesting, ecology and distribution of C. fimbriata 

The tender succulent plant flourishes wild in India, Pakistan, the Canary Islands, Arabia, 

southern Europe, Sri Lanka and Afghanistan (Donatucci et al., 1987).  The Caralluma plant is 

distributed in the dry regions of tropical Asia, central, northern eastern Africa and the 

southern Mediterranean (Pellati et al., 2002). C. fimbriata is the most prevalent of the 

Caralluma genus as it is planted as a roadside shrub and boundary marker in gardens in 

Andhra Pradesh, Karnataka, and Tamil Nadu of India and grows wild in urban centres. The 
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shrub can be easily propagated using the stem cutting method. Plant regeneration of C. 

fimbriata by in-vitro culture of nodal explants has been achieved. Harvesting of C. fimbriata 

can be undertaken throughout the year. C. fimbriata is found on rocky hills and gravelly soils, 

and at sea level to 1000m altitude. The succulent can tolerate an annual rainfall at a minimum 

of 400mm and high temperatures.  

 

2.4.2.4 Ethnobotanical uses of C. fimbriata 

Traditionally, the edible plant has been used for many centuries in native Indian diets with 

claims in folklore of hunger suppressing activity. C. fimbriata is known as the “Indian 

Hoodia” and is listed as a vegetable in the Indian Health Ministry’s comprehensive 

compilation on medicinal plants and the Wealth of India (1992). Testimonials from 

individuals have stated that it is often used as a vegetable, eaten raw or cooked with spices in 

dry rural India. The fruit of the plant is sometimes eaten cooked and eaten with added salt. 

For example, the culinary herb is consumed daily as a vegetable in the Kolli Hills of South 

India. The cactus plant is also preserved as chutneys and pickles in the arid regions of Andhra 

Pradesh. In Western India, the edible plant is accepted as a famine food and is consumed by 

boiling and salting the green follicles of the succulent.  

When no food is available in these arid and semiarid regions, C. fimbriata is eaten as a 

substitute for food. South Indians are known to chew chunks of C. fimbriata to suppress 

appetite and to boost endurance when on a day’s hunt. These Indian tribesmen make their 

living as hunters, foragers, wood collectors and plant collectors. When hunting in the forest, 

they do not take any food with them, so to ensure they have enough stamina and don’t get 

hungry throughout the day they chop off the stem of the succulent and chew a handful at a 
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time. This quenches the tribesmen’s thirst and reduces their hunger, while maintaining energy 

levels.  

 

2.4.2.5 Chemical constituents of C. fimbriata 

The key phytochemical ingredients in C. fimbriata include pregnane glycosides, saponin 

glycosides and bitter principles (Bader et al., 2003). The appetite suppressing properties of C. 

fimbriata could be attributed to the pregnane glycosides, which are a rich source in the 

Caralluma genus (Kunert et al., 2008). Eleven pregnane glycosides, 2-7 and 9-13 have been 

isolated from the plant extract with four (compounds 10-13) containing a novel genin (Kunert 

et al., 2008). The pregnane glycosides isolated from the aerial parts of the plant include: 

caratuberside A-B, bouceroside I-X, tomentogenin, luteolin-4’-O-neohesperidoside and 

kaempferol-7’-O-neohesperidoside.  

 

2.4.2.6 Mechanism of action of C. fimbriata 

The anorectic properties of C. fimbriata extract have been reviewed and found to have a 

similar mechanism of action to another botanical compound known as Garcinia cambogia 

(Preuss et al., 2004a). The mechanism of action behind G. cambogia has been shown to help 

aid weight loss in short term clinical trials (Marquez et al., 2012). Evidence-based research 

on the mechanisms of G. cambogia may give an indication as to how C. fimbriata works to 

reduce weight. The main phytochemical constituent in G. cambogia is hydroxycitric acid 

(HCA). Supplementation with HCA has been shown to result in weight loss in humans 

without stimulating the central nervous system (Preuss et al., 2004b). HCA is a competitive 

inhibitor of adenosine triphosphate (ATP)-citrate lyase, an extramitochondrial enzyme 
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involved in the initial steps of de novo lipogenesis (Preuss et al., 2004b). Accordingly, HCA 

reduces the transformation of citrate into acetyl-coenzyme A, a step required for the 

formation of fatty acids in the liver. It is postulated that the pregnane glycoside blocks the 

activity of citrate lyase enzyme, resulting in the inhibition of fatty acid biosynthesis. 

Moreover, it also blocks the formation of malonyl-coenzyme A, thus enhancing stored fatty 

acid oxidation.  

 

G. cambogia extract mechanism of appetite suppression is similar to that of C. fimbriata. 

Appetite suppressing properties of C. fimbriata are believed to be a secondary effect on the 

appetite control centre of the brain (Preuss et al., 2004b). It has been established that G. 

cambogia supplementation results in the reduction of food intake in animals, suggesting that 

the botanical has anti-obesity properties, and it has been revealed that the availability of 

serotonin in isolated rat brain cortex is increased, which may influence satiety (Sullivan et al., 

1974a, Jena et al., 2002, Lowenstein, 1971, Ohia et al., 2001, Ohia et al., 2002, Sullivan et 

al., 1974b, Triscari and Sullivan, 1977).  

 

It is believed that the pregnane glycosides in C. fimbriata inhibit the hunger sensory 

mechanisms of the hypothalamus. However, it is uncertain as to how the pregnane glycosides 

may suppress appetite; it is thought that the pregnane glycosides amplify the signalling of 

energy sensing function in the hypothalamus (MacLean and Luo, 2004). Another hypothesis 

is that C. fimbriata may down-regulate ghrelin synthesis in the stomach and neuropeptide-Y 

in the hypothalamus, resulting in appetite suppression (Gardiner et al., 2005).  H. gordonii 

has been reported to have a similar appetite suppressing action, in which a steroidal glycoside 

was isolated, which verified anorectic activity in animals (Kuriyan et al., 2007). A 

phytochemical profile of the plant extract revealed structural similarities with another 
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appetite suppressant H. gordonii. It is evident that the steroidal saponins isolated from C. 

fimbriata are similar in structure to P57AS3, which was isolated from the slow-growing 

succulent plant H. gordonii (Van Heerden and P.J., 2007). However, cellular and molecular 

targets of the pregnane glycosides or the examination of the specific mechanisms of action on 

how the pregnane glycosides actually affect appetite were not examined.  

 

Another potential anti-obesity botanical known as Asclepias incarnata is also from the 

milkweed family like C. fimbriata and H. gordonii, and is enriched with pregnane glycosides 

(Komarnytsky et al., 2013). A recent study conducted by Komarnytsky et al (2013) 

investigated the potential of pregnane glycoside-enriched extract from swamp milkweed roots 

(A. incarnatin) to reduce food intake (Komarnytsky et al., 2013). A significant reduction in 

spontaneous and fasting-induced food consumption in Wistar rats was linked with A. 

incarnata oral administration which was observed in combination with a rise in gastric 

accommodation and delay of gastric emptying (Komarnytsky et al., 2013). 

 

Komarnytsky et al (2013) also revealed the appetite-regulatory effects of treatment with the 

major pregnane glycoside constituent of the swamp milkweed named ikemagenin (12β-

cinnamoyl-3,8,12,14β-tetrahydroxypregn-5-en-20-one). This study demonstrated that the 

swamp milkweed, an alternative abundant source of biologically active pregnane glycosides 

are rapidly transmitted to central tissues chiefly the hypothalamus, in which the expression of 

orexigenic and anorexic neuropeptides become affected. The animals were treated with 

ikemagenin (10 mg/kg BW) following an overnight fast and food intake was then measured 

three hours after the gavage of treatment (Komarnytsky et al., 2013). The rodents were then 

sacrificed and the hypothalamus was collected and underwent processing for RNA and 

protein extraction. Cell culture studies were also performed using the rat glioma C6 cell line 



 

43 

 

which expresses brain-derived neurotropic factor (BDNF) (central peptide that decrease food 

intake & body weight gain) (Komarnytsky et al., 2013). It was found that Ikemagenin exerted 

its appetite-regulating effect via triggering a decline in hypothalamic AgRP mRNA levels by 

0.6-fold (orexigenic peptide) and caused a 1.4-fold rise in the BDNF mRNA levels without 

inflicting an effect on the anorectic peptides pro-opiomelanocortin (POMC) and Cocaine and 

amphetamine-regulated transcript (CART) mRNA (Komarnytsky et al., 2013). AgRP is a 

fundamental part of the melanocortin system involved in energy balance and food intake 

regulation by antagonistic effects on melanocortin 3 and 4 receptors that trigger an ongoing 

increase in food consumption (Cone et al., 2001). The results from this study conducted by 

Komarnytsky et al (2013) demonstrate that pregnane glycosides have many effects on food 

intake which may be mediated by hypothalamic neuropeptides (Figure 2.7) (Komarnytsky et 

al., 2013).    

 

 

Figure 2.7 Proposed mechanism of action of pregnane glycosides on inhibition of food 

intake (Komarnytsky et al., 2013).  
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2.4.2.7 Safety evaluation of C. fimbriata 

In terms of safety, initially there was an abstract in 2006 and a book chapter in 2007 that 

briefly reported on an acute oral toxicity and 90-day oral toxicity of C. fimbriata in Wistar 

rats (Venkatesh, 2007). Both studies were reported to not be Good Laboratory Practice (GLP) 

compliant (Odendaal et al., 2013b). The acute oral toxicity study, performed at St John’s 

Medical College (Bangalore, Karnataka, India), identified no deaths up to and at the highest 

dosage administered (5 g/kg BW). A non-significant change was reported for food intake, 

body weight, haematology, or macroscopic histopathology in male and female rats receiving 

a single dose of C. fimbriata at 5 g/kg BW. 

The 90-day oral toxicity study, conducted at Bombay College of Pharmacy (Mumbai, 

Maharastra, India), comprising of 3 doses of C. fimbriata (90, 270, and 900 mg/kg BW/d) 

reported no treatment-related haematological or clinical chemistry abnormalities. Four deaths 

occurred during that trial (one male in each of the 270, 900, and satellite 900 mg/kg BW/d 

groups and one female in the 900 mg/kg BW/d group) and were preceded by dramatic weight 

loss and weakness. Necropsy of the expired rodents did not exhibit any histopathological 

abnormalities or tissue damage, and the cause of death for these four rodents was not 

established. Male rats in the 270 and both the 900 mg/kg BW/d groups further exhibited 

sparse hair and subcutaneous fat loss toward the completion of the trial; shedding steadily 

dropped during the recovery time. All C. fimbriata treated rodents had organ weights and 

organ-to-body weight ratios comparable to those of the control group, and no treatment 

related morphological or histopathological changes were discovered upon histopathological 

analyses. These initial preclinical non-GLP trials give somewhat of an insight into the safety 

of C. fimbriata in Wistar rats. 
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Odendaal et al (2013) assessed the genotoxicity of C. fimbriata in an Ames and chromosomal 

aberration test and evaluated the botanical extract’s toxicological potential in two GLP 

compliant rodent toxicity studies, specifically, a six month repeated dose chronic oral toxicity 

study and a developmental toxicity study in Sprague-Dawley rats (Odendaal et al., 2013b). 

No indication of in vitro mutagenicity or clastogenicity of C. fimbriata was identified in the 

Ames test at concentrations up to 5000 mg of extract/plate or in the in vitro chromosomal 

aberration assay at concentrations up to 5000 mg of extract/mL, respectively. Both in vivo 

assessments showed C. fimbriata to be nongenotoxic up to the highest concentrations tested 

in the presence and absence of metabolic activation (Odendaal et al., 2013b). No targeted 

tissue or organs were identified, and microscopic examination of the upper and lower 

gastrointestinal tract organs and tissue did not indicate any evidence of treatment related 

abnormalities. In the 90-day oral toxicity study, where there were four unexplained deaths as 

well as hair loss and loose skin in male rodents near the completion of the study, none of 

these events arose in the chronic oral toxicity study. Therefore, prolonged oral administration 

of C. fimbriata to Sprague-Dawley rats resulted in no toxicological outcomes. Furthermore, 

no maternal or embryonic-fetal development abnormalities appeared in the prenatal 

developmental toxicity test at levels up to 1000 mg/kg BW/d in Sprague- Dawley rats. The 

study demonstrated that there was no evidence of maternal, pregnancy, litter, or fetal toxicity 

at and up to the highest dose tested. Thereby, the results of this toxicological assessment 

revealed that C. fimbriata is not associated with any toxicity or adverse events (Odendaal et 

al., 2013b).  

 

A recent study conducted by Rajendran et al., (2008) investigated the nootropic activity of C. 

fimbriata extract in mice. An acute toxicity study on male albino mice was performed as per 
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OECD 2001 guidelines. The mice were administered different doses of C. fimbriata and it 

was found to be non-toxic up to the dose of 2000 mg/kg BW (Rajendran et al., 2008).  

 

 

2.4.2.8 Clinical trials investigating the effect of C. fimbriata on metabolic abnormalities 

While the effect of C. fimbriata on appetite suppression has not been elucidated, it has been 

demonstrated that the perennial herb is capable of inhibiting adipocyte maturation.  A study 

on 3T3-L1 pre-adipocyte cell line samples conducted by Akbarsha et al., (2010) clarified the 

mechanism of action of the pregnane glycosides. The study showed that pregnane glycosides 

have anti-adipogenic properties through the inhibition of pre-adipocyte cell division in the 

early phase of adipogenesis by either the down-regulation of cyclin-dependent kinase (CDK) 

or inhibition of import cyclin D1-CDK/6 complex into the nucleus, resulting in G1 arrest. 

Thus, C. fimbriata has the potential to block hyperplastic obesity (Akbarsha et al., 2010). 

Adipocyte proliferation and differentiation in adipose tissue has been inhibited by pregnane 

glycosides in other studies (De Leo et al., 2005, Plaza et al., 2005, Cioffi et al., 2006).  

A rat study investigating the anti-obesogenic and anti-atherosclerotic properties of C. 

fimbriata  showed  that following C. fimbriata administration there was a significant 

reduction in food intake and prevented weight gain in body weight, liver weight and fat pad 

mass (Kamalakkannan et al., 2010). Hyperleptinaemia and leptin resistance were eliminated 

by the plant extract and the accumulation of lipids in the intima of the thoracic aorta was 

inhibited, which may be mediated by the improvement in plasma lipid profile (Figure 2.8a,b) 

(Kamalakkannan et al., 2010).    

 

 



 

47 

 

 

 

 

Figure 2.8a Atherosclerosis in aorta of cafetaria 

fed rat (108x81mm) 

 

 

Figure 2.8b Aorta section of rat fed Cafeteria 

diet plus C. fimbriata extract (108x81 mm) 

 

The study by Ambadasu et al (2013) also showed that administration of C. fimbriata for 50 

days has anti-obesogenic effects. Ambadasu et al (2013) showed that there was a significant 

reduction in food intake, body weight and blood lipid profile in obese rats treated with C. 

fimbriata (Ambadasu et al., 2013a). Another study by Ambadasu et al (2013) also 

demonstrated that 50 days of C. fimbriata administration resulted in appetite suppressing, 

hypolipidemic and anti-obesogenic effects in rats fed a hypercaloric diet (Ambadasu et al., 

2013b).  

An animal study conducted by Sudhakara et al (2013) also demonstrated that administration 

of C. fimbriata for 90 days prevented weight gain and hyperleptinemia (Sudhakara et al., 

2014). This study also found that C. fimbriata administration prevented hypertriglyceridemia, 

hyperglycemia and partially prevented hyperinsulinemia, as well as causing a reduction in 

oxidative stress and plasma glucose levels (Sudhakara et al., 2014). The reduction of leptin 

and insulin levels in C. fimbriata treated groups may be attributed to a reduction in fat 

accumulation in the adipose tissue and to weight loss. It is therefore suggested that C. 

fimbriata supplementation may be a useful therapeutic target to curtail insulin resistance, 

oxidative stress and obesity in high fat fed Wistar rats.  
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The hypolipidemic activity of C. fimbriata was investigated in another rodent study 

conducted by Somnath et al (2012). This study found that treatment with C. fimbriata after 15 

days significantly reduced total cholesterol and triglycerides in triton induced hyperlipidemic 

Wistar rats. Furthermore, the atherogenic index was found to be significantly reduced in the 

C. fimbriata treated groups (Somnath et al., 2012). The anti-hyperglycemic and lipid 

lowering activity of C. fimbriata was also investigated in the study by Jagtap et al (2013). 

This study found a reduction in serum glucose, total cholesterol, triglycerides and LDL 

cholesterol in dexamethasone induced diabetic Sprague-Dawley rats treated with C. fimbriata 

after 11 days of administration (Jagtap et al., 2013). A more recent study conducted by Latha 

et al (2014) investigated the hepatoprotective and anti-diabetic effects of C. fimbriata in 

streptatozocin induced diabetic rats. Latha et al (2014) also observed a significant reduction 

in blood glucose levels in C. fimbriata treated rats. Furthermore, histological examination of 

the liver and kidney in C. fimbriata treated rats confirmed a protective action of C. fimbriata 

as there was a significant recovery of liver and kidney destruction observed.  Therefore C. 

fimbriata may be seen as a therapeutic target for diabetes and its related complications (Latha 

et al., 2014). 

The mechanism of hypoglycemic activity of C. fimbriata is yet to be determined. However, 

as C. fimbriata contains many chemical constituents including pregnane glycosides, 

flavonoids, megastigmane glycosides, bitter principles and saponins, it may be suggested that 

these chemical constituents could be responsible for the hypoglycemic activity. A possible 

mechanism by which this botanical decreases blood glucose is by the potentiation of insulin 

effect, through either stimulating pancreatic secretion of insulin from β-cells of islets of 

Langerhans or via enhancing peripheral glucose uptake. This proposed anti-diabetic 

mechanism of C. fimbriata is similar to that of Caralluma edulis (Wadood et al., 1989). The 
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histopathological changes seen in the diabetic group were restored in the C. fimbriata treated 

rats.   Hence, further research into the mechanism of hypoglycemic effects of C. fimbriata 

can be undertaken through oral glucose tolerance tests, insulin sensitivity tests, measurement 

of urinary output and analysis of cytokines (diabetic markers) for instance. 

A study conducted by Saivasanthi et al (2011) evaluated the anti-inflammatory effects of C. 

fimbriata in Wistar rats. Anti-inflammatory activity of C. fimbriata was evaluated by using 

carrageenan induced paw oedema model of rat (Saivasanthi et al., 2011).  The progression of 

oedema in the paw of the rat after injection of carrageenan is a biphasic event (Vinegar et al., 

1969). The initial phase of the oedema has been attributed to the release of histamine and 

serotonin, the oedema maintained during the plateau phase to kinin like substances and the 

second accelerating phase of swelling to the release of prostaglandin like substances 

(Asongalem et al., 2004). Therefore, the inhibition of oedema following C. fimbriata 

administration may be attributed to the ability of C. fimbriata to inhibit various chemical 

mediators of inflammation, such as histamine and 5-HT during the initial phase. It is also 

postulated that the anti-inflammatory activity of C. fimbriata could be achieved through 

inhibition of cyclooxygenase, which is involved in the synthesis of inflammatory 

prostaglandins as it has been demonstrated that C. fimbriata contains flavonoids which are 

known to possess anti-inflammatory properties (Saivasanthi et al., 2011). Further research 

into the underlying mechanisms involved in the anti-inflammatory effects of C. fimbriata is 

needed. In addition, future directions may be focused on the effect of C. fimbriata on 

metabolic syndrome associated inflammation through analysis of anti-inflammatory and pro-

inflammatory cytokines.  

There is limited research into the effect of C. fimbriata on humans and therefore it has been 

of interest to verify these therapeutic claims observed in rodents through human controlled 
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clinical studies. A preliminary clinical trial conducted by Kurpad et al., (unpublished) at the 

St John’s Medical College in Bangalore, India showed significant weight reductions in 

overweight subjects with C. fimbriata supplementation (Preliminary data). Another 

preliminary clinical trial conducted by Lawrence et al., (unpublished) in Los Angeles, 

California, USA also showed a significant reduction in body weight with C. fimbriata 

ingestion (Lawrence and Choudhary, 2004).  

A human trial evaluating the appetite suppressing effects of C. fimbriata in Indian adults 

found that the botanical extract (1g/day) appears to suppress appetite and reduce waist 

circumference in overweight individuals (n = 50) with a BMI greater than 25 kg/m
2
 over a 

two month period compared to the placebo group (Kuriyan et al., 2007). However, the 

experimental group was not significantly different from the placebo group in body weight, 

BMI, hip circumference and percentage body fat. The adverse effects experienced by 24 % of 

subjects in the experimental group were minor and restricted to initial mild symptoms of the 

gastro-intestinal tract which subsided within a week; these included abdominal distension, 

constipation, flatulence and gastritis. 

Kuriyan et al., (2007) also found that hunger levels of participants reduced by 20 % following 

the administration period, which may account for an 8 % decline in energy intake of the 

experimental group. However, this could be influenced by under estimation of food intake 

and/or individual variation. The appetite suppressing effect caused a decrease in energy and 

fat intake and also a decline in the consumption of less desirable food (Kuriyan et al., 2007). 

Furthermore, there was no significant change in blood lipid values in the experimental group. 

As there is only one published human clinical trial that has investigated the effect of C. 

fimbriata extract on appetite and obesity, there is a need to clarify and further investigate the 
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potential beneficial effects of this popular weight loss aid in the treatment of metabolic 

syndrome. 

 

2.4.3 Citrus sinensis 

2.4.3.1 History, distribution and morphology of C. sinensis  

The exact origin of this commonly named red orange is not known, however it possibly 

originated from China or southern Mediterranean regions. Citrus fruit may have been 

introduced in Sicily by Arab traders during the 7
th

 century and cultivated for decoration until 

the 16
th

 century. The red orange was first described as a strongly pigmented type of orange 

fruit in Sicily in the 17
th

 century opera Hesperidies (1646). The Moro variety is thought to 

have originated in the early 19
th

 century in the citrus-growing area near Lentini (in the 

Province of Siracusa in Sicily) as a bud mutation of the red orange native to Spain 

“Sanguinello Moscato”. The Sanguinello variety is also present in Sicily described as a full-

blood orange with close characteristics of the Moro orange. The Moro orange is the most 

colourful of the red orange varieties. It is referred to as the “deep blood orange” as it has deep 

red flesh which ranges from orange-veined with ruby colouration, to vermilion, to vivid 

crimson and nearly to black and a rind that has a bright red blush (Figure 2.9). This type of 

fruit has a distinct sweet flavour with a hint of raspberry and the intense red to purple 

pigment makes the fruit more attractive.  
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Figure 2.9 The sweet Moro orange with blood orange flesh 

2.4.3.2 Chemical constituents of C. sinensis 

The red colouration of the red orange is due to the presence of water-soluble anthocyanin 

pigments, the largest pigment class of flavonoids. This class of pigmented molecules have 

many therapeutic properties beneficial for human health (Cotroneo, 2006). Anthocyanins are 

natural occurring polyphenolic compounds that are widely distributed in plant foods such as 

crops, fruits, beans, red wine, pigmented cereals and vegetables (Tsuda et al., 2004). Studies 

have shown a link between moderate consumption of anthocyanins through red wine and a 

lower risk of metabolic syndrome and CHD (Renaud and de Lorgeril, 1992). Generally, 

under acidic conditions, anthocyanin pigments are stable, however under neutral conditions 

they are unstable and rapidly break down (Brouillard and Cheminat, 1988).   

Orange trees are grown in specific environmental and climatic conditions therefore increasing 

the level of pigmentation and bioactive compounds within the fruit. The phytochemical 

substances identified in C. sinensis include: sugars i.e. sucrose, fructose and glucose; organic 

acids (chiefly citric, isocitric and malic acids); carotenoids for instance carotenes and 

xanthophylls; vitamins such as vitamin A, B1, B6, B3, and C; flavour compounds such as 

alcohols, esters, lactones, ketones, volatile hydrocarbons and polyphenols including 

hydroxycinnamic acids and flavonoids (Titta et al., 2010). The content of these substances 
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however differs significantly between cultivars, as cultivation is affected by environmental 

influences including soil, climate and agricultural procedures and fruit maturation (Rapisarda, 

2001).  

There are three main cultivated varieties of C. sinensis which include: Tarocco, Moro and 

Sanguinello. These varieties are different from the common orange due to the presence in the 

flesh or the rind of the red pigments identified in the anthocyanin class (Rapisarda, 2001). 

Furthermore, another feature of the blood orange is the high content of vitamin C (4.3-4.5 % 

p/p) (Rapisarda, 1996), hydroxycinnamic acids (0.8-1.0 % p/p) (Rapisarda et al., 1998) and 

flavonoids (2-2.2 % p/p) (Postorino, 1999). The blood oranges also have a high concentration 

of anthocyanins (0.8-0.9 % p/p).  

 

2.4.3.3 Clinical trials investigating the effect of C. sinensis on metabolic abnormalities 

Anthocyanins are considered to be the largest group of water soluble pigments of the plant 

kingdom (Tsuda, 2008). The most predominate anthocyanin present in blood orange is the 

cyaniding-3-glucoside (C3G) which has been shown to ameliorate insulin resistance (Tsuda 

et al., 2003), suppress the development of obesity, reduce fat accumulation (Tsuda et al., 

2003, Jayaprakasam et al., 2006) and normalize hypertrophy of the adipocyte in epididymal 

adipose tissue (Tsuda et al., 2003, Titta et al., 2010) when administrated to high fat fed mice 

as shown in Figure 2.10a,b (Titta et al., 2010). These results indicate that anthocyanins are 

capable of regulating obesity and insulin sensitivity and therefore reducing the risk of 

metabolic syndrome.   
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Figure 2.10a Epididymal adipose tissue 

of a mouse fed high fat diet 

Figure 2.10b Epididymal adipose tissue 

of a mouse fed high fat diet + Moro 

These water soluble pigments are also known to act as contributors to antioxidant activity and 

anti-free radical activity (Lo scalzo, 2004).  At the molecular level, anthocyanins have been 

reported to act as antioxidants playing a protective role from lipid, protein and DNA damage 

(Acquaviva et al., 2003). It is hypothesized that anthocyanins may potentially reduce 

oxidative stress through activating certain detoxification enzymes including quinine 

oxidoreductase, glutathione S-transferase, glutathione peroxidise and glutathione reductase 

(Shih et al., 2007).  

Studies have also found that at the cellular level anthocyanins block 12-O-

tetradecanoylphorbol-13-acetate induced inflammation by inhibiting the mitogen-activated 

protein kinase pathway in a mouse epidermal cell line, thereby inhibiting tumorigenesis (Hou 

et al., 2004). These results suggest that anthocyanins exert an antiinflammatory action 

through normalizing adipocytokine expression and exert antitumor activities. Anthocyanins 

have also been shown to express a protective role against TNF-α-induced insulin resistance 

and H2O2 when administered to 3T3-L1 adipocytes through the inhibition of c-Jun NH2-

terminal kinase activation (Guo et al., 2008). Moreover, it has been demonstrated that 
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anthocyanins enhance adipocytokine secretion namely leptin and adiponectin, the expression 

of peroxisome proliferator activated receptor (PPAR) γ and adipocyte specific genes in 

isolated rat adipocytes (Tsuda et al., 2004).  

Another study conducted by Tsuda et al., (2006), looking at the gene expression profile in 

human adipocytes treated with anthocyanins found significant changes in the expression of 

adipocytokines including the up-regulation of adiponectin and the down regulation of PAI-1 

and IL-6, which are associated with metabolic syndrome. Furthermore lipid metabolism 

related genes including uncoupling protein 2, acylCoA oxidase 1 and perilipin were up-

regulated following anthocyanin treatment. The up-regulation of these genes may limit excess 

lipid accumulation in adipocytes (Tsuda et al., 2006). These studies imply that anthocyanins 

are capable of regulating adipocytokine gene expression thereby ameliorating adipocyte 

function which is associated with the major metabolic syndrome components including 

obesity and insulin resistance.  

Tsuda et al., (2005) also found that lipolytic activity was significantly enhanced in C3G 

treated rat adipocytes. The elevation in lipolytic activity following C3G treatment could be 

attributed to the elevation in the expression of hormone sensitive lipase (HSL) induced by 

anthocyanins (Tsuda et al., 2005). Tsuda et al., (2005) also demonstrated that following the 

treatment with C3G this resulted in a significant release in glycerol, however the release of 

free fatty acids (FFA) did not change.  Studies have shown that leptin administration 

increases the release of glycerol from adipocytes (Siegrist-Kaiser et al., 1997, Wang et al., 

1999) and leptin stimulation is not accompanied by significant amounts of FFA release 

(Wang et al., 1999). As mentioned earlier, previous studies have shown that anthocyanins 

enhance the expression of adiponectin and leptin secretions in adipocytes (Tsuda et al., 2004). 

These findings may be associated with the elevation in lipolytic activity such that the 
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anthocyanin treated adipocytes results in the stimulation of leptin expression and secretion, 

thereby increasing the release of glycerol without enhancing FFA release (Tsuda et al., 2005). 

By suppressing FFA release from the adipocytes this is beneficial for improving insulin 

sensitivity in peripheral tissues. It is also hypothesised that leptin enhances fatty acid 

oxidation and is involved in regulating intracellular lipid levels, and anthocyanins can 

modulate this regulation through the expression of leptin and/or HSL (Tsuda et al., 2005).  

Buscemi et al., (2012) found that after 7-days of red orange juice consumption (500 mL red 

orange juice/ day) this resulted in the amelioration of endothelial function and reduced 

inflammation in non-diabetic subjects at an increased risk of cardiovascular disease.  

Endothelial function is measured via flow-mediated dilation in the brachial artery. Flow-

mediated dilation is a strong predictor of cardiovascular events (Yeboah et al., 2007). 

Buscemi et al., (2012) found that following administration of red orange juice, flow-mediated 

dilation significantly improved. Furthermore, blood concentrations of inflammatory markers 

including CRP, IL-6 and TNF-α significantly reduced after one week of red orange juice 

consumption. Therefore the observed reduction in inflammatory markers could have 

beneficial effects on atherosclerotic progression (Buscemi et al., 2012). Although this study 

has shown favourable effects of red orange juice consumption on inflammation and 

endothelial function in the short term, there is a need for intervention studies of a longer 

duration to test the effects of this orange on metabolic and cardiovascular endpoints.  

Hypertension is a very common progressive condition that is associated with an increased 

risk of many chronic diseases including CVD, stroke and diabetes. The inhibition of ACE 

shows to be a promising way of controlling the over expression of RAAS. Studies have 

shown that anthocyanins show ACE inhibition in vitro. Administration of plant-derived 

purple corn, purple sweet potato and red radish (rich in anthocyanins) has been shown to 
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improve systolic and diastolic blood pressure in hypertensive rats (Shindo et al., 2007).  The 

reported ACE inhibitory activity of anthocyanins in vitro may be attributed to the metal 

chelating ability of flavonoids with hydroxyl groups at 3, 5, 7 and 3’, 4’ positions (Kwon et 

al., 2010, Persson et al., 2009). The planer structure of the anthocyanin molecules also 

indicated to be imperative in metallopeptidase inhibition (Ojeda et al., 2010). Nonetheless, a 

strong correlation between ACE inhibition in vitro and animal model systems is yet to be 

investigated. Furthermore, enzyme kinetic studies have focused on establishing the type of 

enzyme inhibition of flavonoids. The majority of flavonoids were found to be competitive 

type inhibitors meaning that they can compete with the substrate in binding to the active site 

of the enzyme (Balasuriya and Rupasinghe, 2012). 

A study conducted by Bonina et al., (2002) demonstrated that following two months 

administration of red orange complex (C. sinensis var Moro, Tarocco & Sanguinello), there 

was an improvement in blood levels of thiol groups on proteins in participants with diabetes, 

in addition to a marked reduction in serum free radical levels in subjects with high blood 

oxidative stress status. Therefore this study identified the potential therapeutic benefits of red 

orange complex supplementation as a preventative tool for diabetes complications associated 

with uncontrolled lipid oxidation (Bonina et al., 2002). Another study conducted by Bonina et 

al., (2005) found that after two months supplementation with the red orange complex (C. 

sinensis var Moro, Tarocco & Sanguinello) there was a reduction in biomarkers of oxidative 

stress in professional handball players. A sex- and age-matched control group of sedentary, 

healthy individuals (17 males, aged 19-30 years) were used as controls. Serum lipid 

peroxidation was determined by lipid hydroperoxides, which was found to be significantly 

decreased in the red orange treated group, suggestive of a normal oxidative stress status. 

Furthermore, serum total antioxidant status and serum level of thiol groups were completely 
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restored in the handball players following supplementation. Circulating malondialdehyde 

levels, a marker of oxidative damage, was markedly higher at the beginning of the study in 

the handball players compared to the control group. However, by the end of the intervention, 

circulating malondialdehyde levels returned towards control values (Bonina et al., 2005). In 

addition, Bonina et al., (2005) also reported that administration of red orange extract was well 

tolerated by all subjects, with no unpleasant side effects noted.   

A human clinical trial conducted by Dallas et al., (2008) demonstrated that supplementation 

with SINETROL (combination of red orange, grapefruit & orange) may prevent obesity 

through a reduction in BMI. There was a significant reduction in percentage body fat and 

body weight in the SINETROL treated group compared to placebo following 12 weeks of 

supplementation. The results of this study suggest that SINETROL has a strong lipolytic 

effect, which is mediated by cAMP-phosphodiesterase inhibition (Dallas et al., 2008). 

Following on from this study, Dallas et al (2014) then investigated the efficacy and safety 

effects of Sinetrol-XPur, containing citrus Polyphenolic Extract of Red Orange, Grapefruit, 

and Orange on metabolic and anthropometric parameters, inflammation, glycemia and 

oxidative status in overweight subjects. The clinical trial was conducted over a 12 week 

period, where participant’s diet and exercise was controlled in addition to supplementation of 

the Sinetrol-XPur. The major findings of this study were a significant reduction in waist and 

hip circumferences and total abdominal adiposity was also reduced (Dallas et al., 2014). 

Inflammatory markers including plasma CRP and fibrinogen were significantly reduced and 

the oxidative status of participants improved through the reduction of malondialdehyde (-14 

%) and a rise in superoxide dismutase activity and an increase in plasma glutathione levels 

(~17 % and ~5 % respectively) (Dallas et al., 2014).  
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There is a growing body of evidence suggestive of beneficial metabolic effects and cardio-

protective properties of red orange varieties rich in anthocyanins. However, the effectiveness 

of the Moro orange variety of C. sinensis on all the major risk factors of metabolic syndrome 

and the risk of atherosclerosis in the clinical setting is limited. Therefore, there is a need to 

investigate the efficacy of Moro orange administration on the risk factors of metabolic 

syndrome in overweight and obese adults. 

 

2.4.4 Conclusions 

The increasing prevalence of obesity, metabolic syndrome and associated manifestations 

including atherosclerosis, and an increase in oxidative stress, adhesion molecules, 

adipocytokines and inflammatory cytokines has sparked the search for preventative and 

therapeutic interventions as a means for combating this significant and important public 

health issue. In view of the potentially beneficial effects of C. fimbriata and C. sinensis 

extracts as reviewed in this chapter, the joint administration of these botanicals appears to be 

a promising therapeutic strategy in the fight to treat the major components of metabolic 

syndrome.   To date, there are no studies that have evaluated the efficacy of C. fimbriata 

extract plus C. sinensis extract for the treatment of metabolic syndrome, despite the 

increasing market and prescriptions for plant-based body weight control therapies.  
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SECTION IV: AIMS AND HYPOTHESES 

2.5.1 Overarching aim: 

The overall aim of this thesis is to determine the effects of C. fimbriata extract on the risk 

factors of metabolic and cardiovascular disorders in overweight and obese conditions 

compared to placebo.  

 

2.5.2 Study 1:  

The first aim of this thesis was to determine whether C. fimbriata extract, in addition to a 

hypocalorie diet and regular physical activity, can attenuate metabolic disturbances including 

central obesity, elevated BP, dyslipidemia and elevated blood glucose levels in overweight 

and obese Australian adults compared to placebo. 

The specific hypotheses tested were that: 

1. Following 12 weeks administration of C. fimbriata extract, there would be a reduction 

in waist circumference, lower blood pressure and fasting blood glucose levels as well 

as an improvement in blood lipid profile compared to placebo. 

2. Following 12 weeks administration of C. fimbriata extract, there would be an increase 

in satiety, as well as a decrease in energy intake (kJ) compared to placebo.  

3. Following 12 weeks administration of C. fimbriata extract, there would be a reduction 

in the adipocytokine leptin compared to placebo.   
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2.5.3 Study 2: 

The second study aimed to determine whether C. fimbriata attenuates the metabolic changes 

produced in an obesity-inducing rat model compared to placebo.  

The specific hypotheses tested were that: 

1. Following 8 weeks administration of C. fimbriata extract, there would be a reduction 

in abdominal adiposity (fat pads, waist circumference & % body fat), lower blood 

pressure, and an improvement in insulin sensitivity, glucose tolerance and a reduction 

in plasma cholesterol and triglyceride levels compared to placebo.  

2. Following 8 weeks administration of C. fimbriata extract, there would be a reduction 

in hepatic lipid content, hepatic lipid droplets and liver weight compared to placebo. 

3. Following 8 weeks administration of C. fimbriata extract, there would be an increase 

in satiety, as well as a decrease in feed consumption compared to placebo.  

 

 

 

 

 

 

 

 

 



 

63 

 

2.5.4 Study 3: 

The third study aimed to explore the effect of C. fimbriata in combination with C. sinensis on 

the risk factors of metabolic syndrome and cardiovascular risk factors compared to placebo in 

a randomised controlled clinical trial.  

The specific hypotheses tested were that: 

1. Following 12 weeks administration of C. fimbriata extract plus C. sinensis, there 

would be a reduction in percentage body fat, a decrease in body circumferences 

specifically waist circumference and an improvement in obesity adipocytokines 

compared to placebo. 

2. Following 12 weeks administration of C. fimbriata extract plus C. sinensis, there 

would be an improvement in blood pressure, fasting blood glucose levels, plasma 

insulin, HOMA as well as an improvement in blood lipid profile compared to placebo. 

3. Following 12 weeks administration of C. fimbriata extract plus C. sinensis, there 

would be an increase in satiety, as well as a decrease in energy intake (kJ) and less 

desirable food choices and an increase in desirable food choices compared to placebo.  

4. Following 12 weeks administration of C. fimbriata extract plus C. sinensis, there 

would be a reduction in the atherosclerotic biomarkers as well as the reduction in the 

obesity adipocytokines compared to placebo.   
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CHAPTER 3: GENERAL MATERIALS AND METHODS 

3.1 Experimental outline of human studies, participant recruitment and randomisation   

Both human studies were randomized, double-blinded, placebo controlled trials, involving 

adult volunteers residing in Melbourne. The trials were conducted at Victoria University, 

Nutrition Clinic, Melbourne, Australia. Potential volunteers were recruited through the 

general public and staff members at Victoria University. Human volunteers with a BMI 

greater than 25 kg/m
2
 or a waist circumference > 94 cm (male), > 80 cm (female) were 

randomly assigned in the treatment or placebo group.  

 

For randomisation, participants were coded and allocated into groups based on their physical 

characteristics including age, body weight, height, BMI, waist and hip circumference and 

WHR. The method used to ensure allocation concealment was sequentially numbered 

containers. The containers were equal in weight, similar in appearance and tamper-proof. The 

principal investigator implemented the allocation sequence and assigned the participants into 

their groups. The capsules were opaque and indistinguishable in appearance, size, texture and 

smell. The taste of the capsules was identical provided that they were swallowed whole as 

instructed. Staff and participants involved in the intervention process of the trial were blinded 

to group assignment. The randomisation code was broken only after data collection and 

statistical analysis was completed. Patient and staff blinding to treatment was monitored 

throughout the study. This was evaluated by asking participants whether they thought they 

were in the treatment or placebo group and staff were also asked if they knew whether their 

participant was in the treatment or placebo group. The inclusion and exclusion criteria for the 

study are presented in Table 3.1. 
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Table 3.1: Eligibility criteria for entry into the study 

Inclusion Criteria Exclusion criteria 

Male or female Cigarette smoker 

Aged between 20 – 60 years Heart, liver, kidney disease 

BMI >25 kg/m
2
 or Pregnant, intending to become pregnant, women 

lactating 

Waist circumference >94 cm (male), >80 cm 

(female) 

Type 1 diabetes 

Residing in Melbourne Currently taking medications that influence 

metabolism or affect appetite 

 

The pilot study (Chapter 4) was approved by the Human Research Ethics Committee of 

Victoria University, Australia (HRETH 10/22) and registered by Australian New Zealand 

Clinical Trials Registry (ANZCTR). The major human study (Chapter 6) was also approved 

by the Human Research Ethics Committee of Victoria University, Australia (HRETH 12/264) 

and registered by ANZCTR. At the beginning of the study all eligible volunteers were 

informed about the details of the study including that they would be randomly assigned into a 

treatment or placebo group. Formal consent was obtained from all participants. 

 

3.1.1 Administration of botanical extracts 

For the pilot study the control capsule was a 500 mg capsule containing 100 % maltodextrin. 

The C. fimbriata extract (min 25 % pregnane glycosides and min 10 % saponin glycosides) 

and placebo capsules were provided in a 2-piece hard shell capsule form and delivered in 

blindly labelled sealed bags as 500 mg capsules twice daily (1g/day) before meals for 12 

weeks. This dosage was determined based on the previous study by Kuriyan et al (2007).  
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For the major human trial, there were four groups. Group 2 was given a daily dose of C. 

fimbriata (1g of C. fimbriata extract per day: min 25 % pregnane glycosides and min 10 % 

saponin glycosides), group 3 was given a daily dose of C. sinensis (500 mg of C. sinensis: 

min anthocyanins 0.8-0.9 %, flavonoids 2-2.2 %, hydroxycinnamic acid 0.8-1.0 % and 

ascorbic acid 4.3-4.5 %), group 1 was given a daily dose of a combination of C. fimbriata and 

C. sinensis and group 4 was given a placebo (100 % maltodextrin) in two equally divided 

doses 30 minutes before two meals each day for 12 weeks. The capsules were provided in a 

2-piece hard shell capsule form and delivered in blindly labelled sealed bags. The dosage of 

C. fimbriata was determined based on the our previous study (Astell et al., 2013a). The 

dosage of C. sinensis was determined based on the previous pilot study conducted at Victoria 

University (Ethics no. HRETH11/43). Both capsules were supplied by Gencor Pacific, Hong 

Kong. The ingestion of the capsules was monitored during the nutrition consultations and a 

capsule calendar was also administered at the beginning of the trial and submitted at the 

completion of the 12 weeks. Volunteers were asked to record their capsule consumption daily 

and noted down if they missed taking any capsules, as well as any adverse effects 

experienced throughout the 12 weeks. The compliance of capsule ingestion was measured as 

a percentage of total capsules consumed. 

 

3.1.2 Experimental design of pilot study and major human trial 

Participants were asked to attend the Victoria University Nutrition Clinic, Melbourne, 

Australia for nutrition consultations on a weekly basis for the pilot study and only fortnightly 

for the major human trial. During the intervention period participants were asked to control 

their dietary intake and exercise according to the advice provided by the student researcher. 

All groups received consistent dietary advice provided by the student researcher (qualified 
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nutritional therapist) during each consultation.  In order to obtain optimal compliance among 

participants, it was deemed helpful to provide and control participant’s dietary intake and 

physical activity. Participants were asked to maintain their usual participation in physical 

activities during the trial period. For the major human trial physical activity was monitored 

by providing volunteers with a physical activity calendar and a physical activity questionnaire 

was provided at baseline and post intervention.  Dietary intake was monitored through 3-day 

food diaries and submitted monthly in both studies and only for the major human trial a food 

frequency questionnaire was completed at baseline and post intervention.  

 

The participants followed a hypocaloric diet (deficit of approximately 500kcal/day of 

estimated energy requirements) based on the Adult Weight Management Evidence-Based 

Nutrition Practice Guidelines (Academy of Nutrition and Dietetics, 2010). In addition, the 

nutrition recommendations provided were in accordance with the Dietary Guidelines for 

Australian Adults (Australian Government, 2005) and the Clinical Practice Guidelines for the 

Management of Overweight and Obesity in Adults (NHMRC., 2003). Anthropometric 

measurements and BP were taken during each nutrition consultation. Appetite sensations, 

body composition parameters and biochemical analyses were measured at baseline and post 

intervention.  

 

3.2 Outcome measures of human studies 

3.2.1 Anthropometric measurements 

Height was measured after the removal of shoes using a stadiometer to the nearest millimetre. 

Body weight was taken using digital scales when heavy clothing was removed. BMI was 



 

68 

 

calculated using the following formula: BMI = weight (kg)/height (m)
2
. Waist circumference 

was measured to the nearest 0.1 cm at the midway point between the lowest costal border and 

the iliac crest in a horizontal plane. Hip circumference was measured in a horizontal plane at 

the maximum posterior protuberance of the buttocks. WHR was calculated using the 

following formula: WHR = Waist circumference (cm)/hip circumference (cm).  

The three dimensional laser scanner employed for the major human study to obtain 3D digital 

images of the human form was TC
2
. Percentage body fat was measured with the 3D laser 

scanner. Participants wore fitted, light-coloured undergarments with hair tied back. Breathing 

remained normal throughout the scan and feet were placed on the foot pads, slightly apart. 

Participants gripped onto the handles with arms straightened, slightly away from the body to 

allow for each body segment to be measured. Participants remained motionless, however in 

the event of movement, participants were rescanned. Data acquisition and processing of the 

3D body image was completed within a minute.   

 

3.2.2 Blood pressure 

An appropriately sized blood pressure cuff was used to measure blood pressure. Blood 

pressure was measured in a seated position using an automated digital BP monitor at each 

nutrition consultation (UA- 767 Plus, A & D Medical), where the lower edge of the cuff of 

the sphygmomanometer was positioned one inch above the antecubital fossa. The flexed 

elbow was positioned at the level of the heart. If a participant was feeling anxious, blood 

pressure was taken later in the consultation when the participant was more relaxed. BP was 

measured twice with the final BP reading obtained by calculating the mean of the two 

readings. HR was also displayed on the digital BP monitor screen and recorded. 

 



 

69 

 

3.2.4 Dietary and physical activity assessment 

Subjects were given detailed instructions on how to measure and record their food and 

beverage intake before commencing the study. Subjects were advised to record detailed 

descriptions of foods and beverages such as type, amount, brand, time, location, cooking 

method and ingredients in recipes. The student researcher checked the completed records for 

errors and clarifications were made with subjects if required. Subjects were required to 

complete 3-day food diaries at baseline, midway and post-intervention. From the diet diary 

records, participant’s mean total energy intake (kJ), carbohydrate (g), fat (g), protein (g), 

alcohol (g), saturated fat  (g), sugar (g), fibre (g), and salt (mg) intake were analysed using 

nutrient analysis software, Food Works Professional (Version 7, Xyris Software, Highgate 

Hill, Queensland, Australia) (Xyris Software Pty Ltd, 2007).  

At baseline and post intervention of the major human trial, dietary information was also 

collected with use of the Cancer Council of Victoria’s Food Frequency Questionnaire (FFQ) 

known as the Dietary Questionnaire for Epidemiological Studies Version 2 (DQESV2). The 

self-administered 74-item optical mark readable semi-quantitative FFQ has been previously 

validated (DQESV2) (Giles GG. and Ireland PD., 1996). 

The first page of the FFQ consists of questions about how many pieces of fruit and vegetables 

are consumed daily, amount and type of bread and milk consumed, the type of fat spread 

used, the amount of sugar consumed daily and the weekly intake of eggs and type of cheese 

eaten.  

The second page of the questionnaire includes four sets of photos depicting three different 

serving sizes for potatoes, vegetables, steak and meat/vegetable casserole.  For each type of 

food, photograph A = 25
th

 percentile, photograph B = median, photograph C = 75
th

 percentile 

of the distribution of serving sizes stated in the study by Hunter et al (Hunter et al., 1988). 
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There are seven different serving portion sizes for each food class which include: less than A, 

A, between A and B, B, between B and C, C, and more than C. There is also the “I never ate” 

option for selecting nil intakes. For pages three and four of the FFQ, there are 74 items with 

10 frequency options which include: Never, less than once per month, 1 to 3 times per month, 

1 time per week, 2 times per week, 3 to 4 times per week, 5 to 6 times per week, 1 time per 

day, 2 times per day and 3 or more times per day. The list of foods are categorised into four 

sections which include: 1) cereal foods, sweets & snacks; 2) Dairy products, meat & fish; 3) 

Fruit; 4) Vegetables including fresh, frozen and tinned. Also, there are three questions 

regarding alcohol intake which include: 1) How many times; 2) Total number of glasses per 

day; 3) Maximum number of glasses per 24 hours.   

All questionnaires were collected and checked for errors and missing responses by a member 

of the clinical trial staff at the time of administration. Completed DQESV2 forms were sent to 

Cancer Council Victoria for analysis using specialist software based on the Australian 

NUTTAB 1995 food composition database (Australian Government Publishing Services, 

Canberra).  

Physical activity was assessed in the major human trial using the International Physical 

Activity Questionnaire (IPAQ) - Long form at baseline and post intervention. The IPAQ has 

been previously validated (Craig et al., 2003). This version consists of 27 questions assessing 

the frequency and duration of participation in vigorous-intensity, moderate-intensity, walking 

activity and time spent sitting. The long, self- administered IPAQ covers four domains which 

include: 1) Work-related; 2) Transportation; 3) Housework, house maintenance, and caring 

for family; 4) Recreation, sport, and leisure-time physical activity.  The questionnaire also 

includes questions on time spent sitting as an indicator for sedentary behaviour. For each 

domain, the number of days per week spent on moderate and vigorous physical activities was 
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recorded. Walking as part of occupation, transportation and leisure time was also recorded. 

The IPAQ scoring protocol was used to assess total weekly physical activity.  

For the purpose of this study, insufficient physical activity was defined in accordance with 

Australia’s Physical Activity & Sedentary Behaviour Guidelines for Adults. Participants who 

reported <150 minutes (2 ½ hours) of moderate intensity physical activity or <75 minutes (1 

¼ hours) of vigorous physical activity per week were considered to be insufficiently active. 

Similarly, participants who participated in >150 minutes (2 ½ hours) of moderate intensity 

physical activity or >75 minutes (1 ¼ hours) of vigorous physical activity per week were 

considered to be active.  

Throughout the study period, participants were asked to keep a daily record of their physical 

activity.  Participants were provided with a physical activity calendar at baseline and were 

required to submit their calendar at the completion of the study.  

 

3.2.3 Appetite assessment 

The appetite of subjects was assessed at baseline and post intervention using the visual 

analogue scales method (VAS). Subjects were asked to come to the laboratory after an 8 hour 

overnight fast. Subjects were asked to consume a standardized meal for dinner the night 

before the study day and to abstain from alcohol and strenuous physical activity for 24 hours 

prior to the study-day. The cold buffet-style breakfast was served between 07.30 and 10.30 

hours in order to replicate the usual breakfast time of each participant. The cold buffet-type 

meal was composed of a variety of foods to measure macronutrient preferences and 

spontaneous intake under conditions reproducing free-living conditions. Portions of each 

food were larger than the expected intake and the amount of food offered was in excess of 
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what the subject was expected to consume. The nutrient composition of the cold buffet style 

breakfast is provided in Table 3.2. A large diversity in protein, lipid, and carbohydrate 

sources was available in order to facilitate the detection of macronutrient preferences: dairy 

products (milk, yogurt, cheese and iced coffee), fruit and vegetables (Tomato, apple, banana, 

orange juice), grain products (breads, cereal), meat (Deli ham slices), fat food products 

(margarine, peanut butter), refined sugar products (white bread, croissant, muffin, jam, 

honey), and food with no energy (water).  

 

The subjects had ad libitum access to food and were given a maximum of 30 minutes to 

consume the meal and were instructed to eat until satiety was reached. At baseline (t = -

30min), immediately after eating (t = 0min) and then at 30-min intervals (t = 30, 60, 90, 120, 

150, 180) for 3 hours, subjects were asked to record their subjective sensations of appetite, 

including hunger, fullness, nausea, drowsiness, anxiety, desire to eat, and prospective 

consumption at each time interval. The questions asked were ‘How hungry do you feel?’ (not 

hungry – hungry); ‘How full do you feel?’ (not full – full); “How nauseous do you feel? (not 

nauseous – nauseous), “How drowsy do you feel?’ (not drowsy – drowsy), ‘How anxious do 

you feel?’ (Calm – Anxious); ‘how strong is your desire to eat?’ (weak – strong); ‘How much 

food do you think you could eat?’ (none – a large amount). Please note that the mood states 

were only assessed in the major human trial (Chapter 6). 

 

Appetite sensations were assessed using a validated visual analogue scale (Parker et al., 

2004).  Each visual analogue scale evaluated a sensation on a 100-mm horizontal line, where 

0 represented “sensation is not felt at all” and 100 represented “sensation is felt the greatest.” 

Subjects were familiarized with these scales prior to the commencement of the study. 

Subjects were asked to place a vertical stroke on the 100-mm line in relation to what they 
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were feeling at that particular point in time. Quantification of the measurement is done by 

measuring the distance from the left end of the line to the mark. Appetite sensations were 

assessed both in a fasted state (before breakfast) and in response to the meal. The appetite 

ratings at baseline and at week 12 were performed in a controlled environment i.e. same room 

which was kept quiet, free of odours and sight of food. To determine macronutrient 

preferences and spontaneous intake from the buffet, food items were weighed before and 

after the buffet to quantify the intake of each food. Energy intake from the buffet meal 

[energy consumption (in kJ) was analysed using commercially available software (Food 

works, version 7, Xyris Software; Highgate Hill, Queensland, Australia).  

 

Table 3.2: The nutrient composition of the test breakfast 

Nutrient Amount 

Energy 9599 kJ 

Carbohydrates 58 % 

Fat 27 % 

Protein 15 % 

 

The total amount of food at the test meal was measured by weighing food items separately 

before and after eating to the nearest 0.1g. Once the energy content of the test meal was 

obtained, the satiety quotient (SQ) was calculated for the degree of hunger appetite sensation 

(AS) to evaluate the satiating efficiency of the meal  (Green et al., 1997) with the following 

equation: 

                 (Fasting AS – post-meal AS) 

SQ (mm/kJ) =                                                                           x 100 

                                    Energy content of test meal (kJ)  



 

74 

 

 

Satiety quotient represents the effect of food consumption on sensations of appetite relative to 

energy intake. That is, the higher the quotient, the greater the satiating effect of the test 

breakfast. To evaluate the mean postprandial period satiety effect of the test meal on 

measures of satiety (hunger), all time point quotients were averaged (0 – 180 minutes).   

Please note that a modified version of the VAS method described above was used for the 

pilot study. The modified version of this method is described in chapter 4. 

 

3.3 Blood sample collection and Plasma analysis 

3.3.1 Blood sample collection 

3.3.1.1 Patient preparation 

To ensure the procedure was conducted on the right participant, the participant’s name was 

first matched with the consent form by the student researcher. Following this, an explanation 

of the procedure in plain language to the participant was undertaken. This gave the 

participant the opportunity to withdraw consent or ask questions to confirm their 

understanding. In addition, further details were gathered such as time of last meal, hydration 

status and if the participant was prone to fainting. The room was warm, had adequate 

lighting, and equipment was at hand and the participant was comfortably seated or lay down.  

  

3.3.1.2 Performance of venepuncture 

Performance of safe and competent venepuncture by the student researcher was in accordance 

with the guidance of the Centre for Education, Western Health. The instructions for 
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performing venepuncture are as follows: equipment was first gathered, and the participants 

name was correctly identified by checking the consent form and if there were any special 

requirements. The equipment was then prepared and pathology tubes were labelled, followed 

by thoroughly washing hands. Then, a suitable site for venepuncture was determined and 

safety glasses were put on and gloves were donned. The tourniquet was applied 

approximately 10 cm above the selected site and the pad of the index finger was used to 

palpate the antecubital fossa. The proposed puncture site was then cleaned with an alcohol 

swab and the area was allowed to dry to minimise stinging at the site and to increase the 

bactericidal effect. Thereafter, the vein was anchored by pulling the skin in a downwards 

direction, and the needle or butterfly was inserted with bevel up at an angle of about 15-30 

degrees. The needle was then swiftly inserted through the skin onto the lumen of the vein. 

The BD Vacutainer blood collection system and butterfly system were used for this project. 

The butterfly system was used whenever difficult venepuncture was encountered.  

Approximately 10 mL of blood was collected gently into Ethylenediaminetetraacetic acid 

(EDTA) tubes. When the last tube of blood was collected, the tourniquet was removed. The 

needle was then removed from the participant’s arm using a swift downwards motion and 

pressure was applied to the puncture site after applying cotton wool over the site (taped if 

needed). Tubes were gently mixed by inverting the tube 5-6 times and contaminated materials 

and equipment were disposed of into designated containers, followed by thoroughly washing 

hands. 
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3.3.1.3 Centrifuging of whole blood samples 

Following collection, blood samples were immediately centrifuged for 10 minutes at 3000 g 

at 4 °C. The plasma was carefully aliquotted in cryovials and frozen at -80 °C for further 

analysis of blood lipid profile, obesity adipocytokines and atherosclerotic markers. 

 

3.3.2 Plasma analysis 

3.3.2.1 Blood lipids 

Blood lipid profile including total cholesterol, HDL cholesterol, and triglycerides were 

measured by the student researcher from human plasma collected using commercially 

available kits using a 96-well plate format. LDL cholesterol was calculated using 

Friedewald’s formula (Friedewald et al., 1972). The protocol supplied with the kits for blood 

lipid profile analysis was designed for a well maintained automated clinical chemistry 

analyser. Each 96-well plate was analysed using a microplate spectrophotometer. The 

protocol supplied was followed for the determination of human plasma lipid levels in study 1 

and study 3. The same protocol for plasma cholesterol and triglyceride determination was 

followed for the rodent plasma with use of rat specific kits. 

 

3.3.2.1.1 Total cholesterol 

Total cholesterol was determined enzymatically using the commercially available Infinity
TM 

Cholesterol Liquid Stable Reagent supplied by Thermo Fisher Scientific Inc. The cholesterol 

liquid stable reagent is based on the formation of Alain et al (1974) and the modification of 

Roeschlau et al (1974) with further improvements to render the reagent stable in solution 
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(Alain, 1974, Roeschlau, 1974). Cholesterol is measured enzymatically in plasma in a series 

of coupled reactions that hydrolyze cholesteryl esters and oxidize the 3-OH group of 

cholesterol. One of the reaction by-products, H2O2 is measured quantitatively in a perioxidase 

catalysed reaction that produces a colour. The colour intensity is proportional to cholesterol 

concentration. The reaction scheme for the enzymatic measurement of total cholesterol is as 

follows: 

   Cholesterol Esterase 

1. Cholesteryl Ester + H2O ------------------------------- Cholesterol + fatty acid  

 

   Cholesterol oxidase 

2. Cholesterol + O2          --------------------------------- Cholest-4-en-3-one + H2O2 

 

      Peroxidase 

3. 2H2O2 + HBA + 4-AAP ------------------------------- Quinoneimine Dye + 4H2O 

 

Where: HBA = Hydroxbenzoic acid; 4-AAP = 4-aminoantipyrine. 

 

The reagent composition includes: Cholesterol oxidase (>200U/L), cholesterol esterase (>500 

U/L), peroxidase (>300 U/L), 4-aminoantipyrine (0.25 mmol/L), HBA (10 mmol/L), buffer 

(50 mmol/L) and surfactants. The assay procedure involves the following steps presented in 

Table 3.3. 
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Table 3.3: System parameters of total cholesterol assay 

System Parameters  

Temperature 30-37 °C 

Primary wavelength 500 nm 

Secondary wavelength 660 nm 

Assay type End Point 

Direction Increase 

Sample: Reagent ratio  

      Sample volume 

      Reagent volume 

 1:100 

3 µL 

300 µL 

Incubation time 300 seconds 

Reagent blank limits 

      Low 

      High 

 

0.0 AU 

0.2 AU 

Linearity 0-20 mmol/L (0-774 mg/dL) 

Analytical sensitivity 62 ΔmA per mmol/L  

(1.6 ΔmA per mg/dL) 

 

The concentration of total cholesterol was calculated using the following equation: 

 

 

 

3.3.2.1.2 Triglycerides 

Triglycerides were determined enzymatically using the commercially available Infinity
TM 

Triglycerides Liquid Stable Reagent supplied by Thermo Fisher Scientific Inc. The 

Cholesterol =  

Absorbance of sample 

Absorbance of calibrator 

 

X Calibrator value 
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methodology is based on previous work by Wako (Product Data Sheet, Triglycerides – G 

code No 997-69801, Wako Pure chemical Industries Ltd, Dallas TX) and the modifications 

by McGowan et al and Fossati et al (McGowan, 1983, Fossati, 1982). Triglycerides are 

measured enzymatically in plasma using a series of coupled reactions in which triglycerides 

are hydrolysed by lipase to free fatty acids and glycerol. Glycerol is then phosphorylated by 

ATP with glycerol kinase to form glycerol-3-phosphate and adenosine diphosphate. Glycerol-

3-phosphate is oxidised by dihydroyacetone phosphate by glycerolphosphate oxidase 

producing hydrogen peroxide. In a Trinder (Trinder, 1969) type colour reaction catalysed by 

perioxidase, the H2O2 reacts with 4-aminoantipyrine and 3,5-dichloro-2-hydrobenzene 

sulfonate to form a red coloured dye. The absorbance of the dye is proportional to the 

concentration of triglycerides present in the sample. The reaction scheme for the enzymatic 

measurement of triglycerides is as follows: 

                       Lipase 

1. Triglycerides + H2O           ------------------------------- Glycerol + Free fatty acids 

 

                 Glycerol kinase 

2. Glycerol + ATP                   ------------------------------ Glycerol-3-phosphate + ADP 

 

            GPO 

3. Glycerol-3-phosphate + O2   ------------------------------ DAP + 2H2O2 

 

              POD 

4. H2O2 + 4-AAP + 3,5 DHBS ------------------------------ Quinoneimine dye + 2H2O2 
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Where: GPO = Glycerolphosphate oxidase; DAP = dihydroxyacetone phosphate; POD = 

peroxidase; 4-AAP = 4-aminoantipyrine; 3, 5 DHBS = 3,5-dichloro-2-hydroxybenzene 

sulfonate.  

The reagent composition includes: ATP (2.5 mmol/L), Mg acetate (2.5 mmol/L), 4-

aminoantipyrine (0.8 mmol/L), DHBS (1.0 mmol/L), GPO (>3000 U/L), glycerol kinase 

(>100 U/L), lipoprotein lipase (>2000 U/L), peroxidase (>300 U/L) and buffer (53 mmol/L). 

The steps of the assay procedure are presented in Table 3.4. 

 

Table 3.4: System parameters of triglycerides assay 

System Parameters  

Temperature 30-37 °C 

Primary wavelength 500 nm 

Secondary wavelength 660 nm 

Assay type End Point 

Direction Increase 

Sample: Reagent ratio  

      Sample volume 

      Reagent volume 

 1:100 

3 µL 

300 µL 

Incubation time 300 seconds 

Reagent blank limits 

      Low 

      High 

 

1.0 AU 

0.2 AU 

Linearity 10 mmol/L (885 mg/dL) 

Analytical sensitivity 0.158 ΔmA per mmol/L  

(0.002 ΔA per mg/dL) 
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The concentration of triglycerides was calculated using the following equation: 

 

 

 

3.3.2.1.3 HDL cholesterol 

HDL cholesterol concentrations were measured using the commercially available Infinity
TM

 

HDL cholesterol automated reagent supplied by Thermo Fisher Scientific Inc. The basic 

principles of the method involve two reagents:  

Step 1: Lipoproteins including LDL, VLDL and chylomicrons (except HDL) are first 

removed via selective reaction with cholesterol esterase and cholesterol oxidase that is 

coupled to a non-coloured endpoint via catalase reduction of the peroxidase by-product.  

Step 2: Catalase is inhibited and the remaining HDL cholesterol is specifically reacted with 

cholesterol esterase and cholesterol oxidase. In the presence of peroxidase the peroxide by-

product now reacts with 4-aminoantipyrine and HDAOS (N-(2-hydroxy-3-sulfoprophyl)-3,5-

dimethoxyaniline) to form a coloured quinone dye which is measured spectrophotometrically 

at 600 nm (Izawa, 1997).  

The composition of reagent 1 includes: buffer, cholesterol esterase (1200 U/L), cholesterol 

oxidase (500 U/L), catalase (225 000 U/L), ascorbate oxidase (10 000 (U/L), HDAOS and 

stabilizers. The composition of reagent 2 includes: buffer, peroxidase (2000 U/L), 4-

aminoantipyrine (4 mmol/L), surfactants and sodium azide (0.09 %). The automated 

procedure of HDL cholesterol is presented in Table 3.5. 

 

Triglycerides =  

Absorbance of sample 

Absorbance of calibrator 

 

X Calibrator value 
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Table 3.5: System parameters of HDL cholesterol assay 

System Parameters  

Temperature 30-37 °C 

Secondary wavelength 600 nm 

Mode End Point 

      Sample volume 

      Reagent volume 1 

      Reagent volume 2 

 4 µL 

300 µL 

100 µL 

Reaction times 5 minutes + 3 minutes 

Linearity 0.08-3.88 mmol/L (3-150 mg/dL) 

 

The concentration of HDL cholesterol was calculated using the following equation: 

 

 

 

3.3.2.1.4 LDL cholesterol 

The concentration of LDL cholesterol is calculated using the equation by Friedewald 

(Friedewald et al., 1972). Providing that the major lipoprotein fractions (total cholesterol, 

HDL cholesterol and triglycerides) are known, LDL cholesterol can accurately be calculated 

with the following formula: 

LDL cholesterol =   [total cholesterol] – ([HDL] + ([triglycerides] / 5)) 

 

  

HDL cholesterol =  

Absorbance of sample 

Absorbance of calibrator 

 

X Calibrator value 
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3.3.2.2 Atherogenic Index of plasma 

A triglyceride based index used by practitioners as a significant predictor of atherosclerosis, 

known universally as the atherogenic index of plasma (AIP) is calculated as follows: 

  

 

 

3.3.2.3 C - reactive protein 

CRP has been implicated as a contributor to atherogenesis by modulating endothelial 

function, inducing the expression of VCAM-1, ICAM-1, E-selectin, stimulating coagulation, 

mediating uptake of low density lipoproteins into macrophages as well as destabilizing 

plaques (Volanakis, 2001). The C - reactive protein (human) EIA kit (item No. 10011236) 

was supplied by Cayman Chemical Company, Ann Arbor, MI. The kit supplied is an 

immunometric assay that is used to measure CRP in plasma without prior sample 

purification. The standard curve range is 0-3000 pg/mL and the limit of detection is about 50 

pg/mL.  

The assay is based on a double-antibody sandwich technique. Each well of the microwell 

plate is coated with monoclonal antibody which binds human CRP that is introduced to each 

well. Samples and standards are incubated on the anti-body coated microwell plate, which is 

then rinsed before adding HRP-labelled CRP monoclonal antibody for the detection of 

captured CRP. A sandwich is formed from the two antibodies through the binding on the 

CRP molecules at different locations. The analyte concentration is identified via measuring 

HRP enzymatic activity using the chromogenic substrate TMB (3,3’,5,5’-

AIP = Log 

(Triglycerides 

HDL cholesterol) 
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tetramethylbenzidine). The reaction is then stopped with acid after a sufficient period of time. 

In turn, this forms a product with a distinct yellow colour which is measured 

spectrophotometrically at 450 nm. The intensity of the colour measured is directly 

proportional to the amount of bound HRP-labelled monoclonal antibody, thus in turn is in 

proportion to CRP concentration.  

CRP (human) assay buffer was prepared by the student researcher according to the 

manufacturer’s instructions, by reconstituting the contents of the buffer packet with 1 L of 

ultrapure water. Plasma samples were diluted between the recommended range of 1: 1,000 

and 1: 16, 000. Anti-CRP (human) HRP conjugate (100X) was diluted with 13 mL of assay 

buffer. A series of eight standards (3000, 1500, 725, 375, 187.5, 93.8, 46.9, 0 pg/mL) were 

prepared using a serial dilution of CRP standard with assay buffer as diluent. 100 µL of 

standard and diluted plasma samples were added to a 96-well microplate followed by an 

incubation of one hour at room temperature on an orbital shaker. All wells were then emptied 

and rinsed four times with assay buffer. 100 µL of anti-CRP (human) HRP conjugate was 

then added to each well except the blank wells. The plate was then incubated for 30 minutes 

at room temperature on an orbital shaker. All wells were then emptied and rinsed four times 

with assay buffer. 100 µL of CRP TMB substrate solution was then added to each well, 

followed by 15 minutes of incubation at room temperature in the dark. Finally, 100 µL of the 

CRP HRP stop solution was then added to each well and the plate was read at a wavelength 

of 450 nm with a microplate absorbance spectrophotometer. A standard curve was generated 

using Microsoft Excel and the plasma concentration of CRP was then calculated.  
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3.3.2.4 Insulin 

The insulin ELISA (enzyme linked immunosorbent assay) kit was supplied by Mercodia AB, 

Sylveniusgatan, Sweden. The insulin ELISA is a solid phase two-site enzyme immunoassay. 

The procedure was performed by the student researcher and it is based on the direct sandwich 

technique, where two monoclonal antibodies are directed against separate antigenic 

determinants on the insulin molecule. At the time of incubation, insulin in the sample reacts 

with peroxidase-conjugated anti-insulin antibodies and anti-insulin antibodies bound to 

microplate wells. The washing step removes unbound enzyme labelled antibody. The bound 

conjugate is detected by reaction with TMB. By adding acid the reaction stops in turn giving 

a colorimetric endpoint which is measured spectrophotometrically at 450 nm.  

The quantitative determination of human insulin in plasma was performed according to the 

manufacturer’s instructions. No dilution was required for human plasma samples. 1.0 mL of 

enzyme conjugate 11X solution was diluted with 10 mL of enzyme conjugate buffer. 35 mL 

of wash buffer 21X solution was diluted with 700 mL of redistilled water. 25 µL of 

calibrators, controls and samples was added into the appropriate wells. 100 µL of enzyme 

conjugate 1X solution was added to each well, followed by incubation of the plate for one 

hour at room temperature on a plate shaker (700-900 rpm). All wells were then emptied and 

rinsed six times with wash buffer. 200 µl of substrate TMB was then added to each well, 

followed by plate incubation of 15 minutes at room temperature. Finally, the stop solution 

was added (50 µL) to each well and the plate was placed in the microplate absorbance 

spectrophotometer. The optical density was read at 450 nm and then a calibrator curve was 

generated using Microsoft Excel and the plasma concentration of insulin was then calculated. 
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3.3.2.5 Leptin 

The leptin (human) ELISA kit was supplied by Enzo Life Sciences, Plymouth Meeting, PA, 

USA and the procedure was completed by the student researcher. The basic principle of the 

assay is as follows: Standards and samples are added to appropriate wells coated with 

monoclonal antibody specific for human leptin. The microplate is then incubated and then 

washed which leaves only bound human leptin on the microplate. A yellow solution of 

biotinylated polyclonal antibody specific for human leptin is then added, binding the human 

leptin captured on the plate. The plate in incubated and then washed to remove excess 

antibody. A blue solution of streptavidin conjugate to horseradish peroxidase (HRP) is then 

added to each well which binds to the biotinylated antibody. The plate is incubated and then 

washed to remove excess HRP conjugate. TMB substrate solution is then added and a HRP-

catalyzed reaction produces a blue colour in the solution. The substrate reaction is then 

stopped by adding stop solution and the yellow colour is measured spectrophotometrically at 

450 nm. A standard curve was generated using Microsoft Excel and the plasma concentration 

of leptin was then calculated. A summary of the assay process is presented in Figure 3.1.  

 

 

 

 

 

 

Figure 3.1:  Schematic of the human leptin ELISA (Adopted from: Leptin (human) ELISA kit, Enzo Life 

Sciences, Plymouth Meeting, PA, USA.). 
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The quantitative determination of human leptin in plasma was performed according to the 

manufacturer’s instructions. Plasma samples were diluted into assay buffer 17 at a 1: 50 

dilution. 50 mL of wash buffer concentrate was diluted with 950 mL of deionized water.  A 

series of seven standards (2000, 1000, 500, 250, 125, 62.5, 31.3 pg/mL) were prepared using 

a serial dilution of leptin standard with assay buffer as diluent. 100 µL of assay buffer was 

added to the standard 0 wells. 100 µL of standards and samples were added to the appropriate 

wells and the plate was incubated at room temperature for one hour. All wells were then 

emptied and rinsed four times with wash buffer. 100 µL of yellow antibody was added to 

each well except the blank and then the plate was incubated for one hour at room 

temperature. All wells were then emptied and rinsed four times with wash buffer. 100 µL of 

blue conjugate was added to each well except the blank and incubated for 30 minutes at room 

temperature. All wells were then emptied and rinsed four times with wash buffer. 100 µL of 

substrate solution was added to each well and then the plate was incubated for another 30 

minutes at room temperature. Finally, the stop solution of 100 µL was added to each well and 

the plate was placed in the microplate absorbance spectrophotometer. The optical density was 

read at 450 nm and then a standard curve was generated using Microsoft Excel and the 

plasma concentration of leptin was then calculated. 

 

3.3.2.6 Ghrelin  

Total ghrelin concentrations were measured by radioimmunoassay (RIA) using Millipore’s 

Ghrelin (Total) RIA commercially available kit (Saint Charles, MI, USA) utilizing 
125

I-

labelled ghrelin and a ghrelin antiserum to determine the level of total ghrelin in plasma. The 

assay procedure flow chart is presented in Table 3.6. To prepare the total ghrelin standard, it 

was reconstituted with 2 mL of distilled water and mixed gently until dissolved.  A series of 
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six standards were prepared using a serial dilution of ghrelin standard with assay buffer as 

diluent. Total ghrelin quality control 1 & 2 were reconstituted with 1 mL of distilled water 

and then mixed gently.  

The assay procedure was completed over three days. For the first day the following protocol 

was followed: 300 µL of assay buffer was added to the non-specific binding tubes (3-4). 200 

µL of assay buffer was added to the reference tubes (5-6). 100 µL of assay buffer was then 

added to tubes seven through the end of the assay. Thereafter, 100 µL of standards, quality 

controls and sample were added in duplicate. 100 µL of ghrelin antibody was added to all 

tubes except total count tubes (1-2) and non-specific binding tubes (3-4), and were then 

vortexed, covered and left to incubate overnight (20-24 hours) at 4 °C.  

For day two, the 
125

I-ghrelin tracer was hydrated with 13.5 mL of label hydrating buffer, 

mixed gently and then 100 µL was added to all tubes, vortexed, covered and left overnight 

(22-24 hours) at 4 °C.  

On day 3, 1.0 mL of cold (4 °C) precipitating reagent was added to all tubes except total 

count tubes (1-2), then vortexed and left to incubate for 20 minutes at 4 °C, followed by 

centrifugation at 4 °C for 20 minutes at 2,000-3,000 xg. The supernatant from all centrifuged 

tubes except total count tubes (1-2) were immediately decanted and drained for 15-60 

seconds. The pellets were counted on a gamma counter according to the manufacturer’s 

instructions. The final counts were downloaded from the gamma counter and then converted 

into Microsoft Excel format. Concentrations of total ghrelin were calculated using the “Assay 

Zap Universal Assay Calculator” (Elsevier-Biosoft, Cambridge, UK). 
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Table 3.6: Total ghrelin assay procedure flow chart (Adopted from: Millipore’s total ghrelin RIA commercially available kit, Saint Charles, MI, USA) 

Day 1 Day 2 Day 3 

Set-up Step 1 Step 2 & 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9-11 

Tube number Add assay 

buffer 

Add 

standard/quality 

control/ sample 

Add ghrelin 

antibody 

Vortex, cover 

and incubate 20-

24 hours at 4 °C 

Add 1-125 

ghrelin tracer 

Vortex, cover 

and incubate 22-

24 hours at 4 °C 

Add 

precipitating 

reagent 

Incubate 20 

minutes at 4 °C, 

centrifuge at 4 

°C for 20 

minutes, decant 

and count 

1,2 - - - 100 µL 1.0 mL 

3,4 300 µl - - 100 µL 1.0 mL 

5,6 200 µL - 100 µL 100 µL 1.0 mL 

7,8 100 µL 100 µL of tube 6 100 µL 100 µL 1.0 mL 

9,10 100 µL 100 µL of tube 5 100 µL 100 µL 1.0 mL 

11,12 100 µL 100 µL of tube 4 100 µL 100 µL 1.0 mL 

13,14 100 µL 100 µL of tube 3 100 µL 100 µL 1.0 mL 

15,16 100 µL 100 µL of tube 2 100 µL 100 µL 1.0 mL 

17,18 100 µL 100 µL of tube 1 100 µL 100 µL 1.0 mL 

19,20 100 µL 100 µL of 

reconstitute 

100 µL 100 µL 1.0 mL 

21,22 100 µL 100 µL of quality 

control 1 

100 µL 100 µL 1.0 mL 

23,24 100 µL 100 µL of quality 

control 2 

100 µL 100 µL 1.0 mL 

25,26 100 µL 100 µL of 

unknown 

100 µL 100 µL 1.0 mL 
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3.4 Experimental outline of animal study 

3.4.1 Animals and housing 

Male Wistar rats (mean weight: 211.5 g; weight range: 207.8 – 213.4 g; 4 weeks old) 

supplied from the Animal Resources Centre, Perth, Australia were used for this experiment. 

The animals were transported by overnight road-air link from the supplier. During 

transportation, the animals were group-housed in ventilated boxes supplied with bedding. The 

rats were held in the animal facility of the Howard Florey Institute, The University of 

Melbourne. The Animal Ethics Committee of the Howard Florey Institute, University of 

Melbourne approved the experimental protocol (AEC 11-037) and all handling and 

management of procedures were carried out in accordance with the ethical principles and 

regulations specified by the Prevention of Cruelty to Animals Act 2004 and the NHMRC 

Australian Code of Practice for the Care and Use of Animals for Scientific Purposes 

(Seventh Edition, 2004).  

The rats were housed in individual solid bottom polypropylene cages to allow for individual 

measurement of the ingestion of the C. fimbriata extract. Wood shavings were used as the 

bedding material which was changed once per week and the cages were provided with ad 

libitum of tap water and the group-specific rat diet. The animals were housed in an 

environmentally controlled laboratory with a seven day acclimatization period prior to 

commencement of the trial. During acclimatization, rats were given a standard pellet chow 

(Specialty Feeds, Western Australia) and water ad libitum. The animal facility was under a 12 

hour light – 12 hour dark cycle (lights off at 19.00 hours), at a constant temperature of 22 °C 

± 2 °C and relative humidity of approximately 60 %. To monitor the well-being of the 

animals, body weight and food intake was measured daily and well groomed fur was used as 

a marker of well-being. Rats were habituated to everyday handling by humans.  
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3.4.2 Administration of Caralluma fimbriata extract 

The C. fimbriata extract was sourced from Gencor Pacific group (Hong Kong) and imported 

by AZPA, Keilor Park, Melbourne, Australia. The C. fimbriata extract is a patented and 

proprietary hydroethanolic extract produced by extracting the dry aerial parts of the plant 

with 40 % alcohol to attain no less than 25 % pregnane glycosides and saponin glycosides. 

To increase the shelf life and uniformity, the extract was then lyophilised completely by a 

continuous freeze-drying operation to produce a brown powder.  

 

3.4.3 Experimental design 

Male Wistar rats (4 weeks old) were divided into four groups, with 10 rats in each group (n = 

40) by the student researcher. For randomisation, rats were allocated into four groups based 

on their body weight and usual food intake. The study was over a 15 week period: the initial 

seven weeks to induce obesity and the following eight weeks for C. fimbriata extract 

treatment. For the first seven weeks, the lean rats in group one and three (without C. 

fimbriata extract) were fed a standard pellet chow (Barastoc rat and mouse feed, Ridley 

AgriProducts, Victoria, Australia), while group two and four (without C. fimbriata extract) 

were fed a high fat diet (SF00-219, Cholesterol semi-pure rodent diet, Specialty Feeds, WA, 

Australia). It was expected by seven weeks that group two and four would present with 

obesity (Buettner et al., 2007). Treatment with C. fimbriata extract was given to groups three 

and four for an eight week intervention period. Groups two and four still continued with the 

high fat diet. The C. fimbriata extract was administrated in the form of powder (100 mg/kg 

BW per day). A previous study also used this dose (Kamalakkannan et al., 2010). The C. 
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fimbriata extract was mixed in with a peanut butter vehicle upon feeding to improve 

palatability. Control rats received the peanut butter only.  

 

3.5 Metabolic measurements of animal study 

3.5.1 Body weight and food consumption 

Body weight (g) was recorded daily with digital scales (TE4101, Precision Balance Sartorius 

AG, Goettingen, Germany). Daily food consumption was identified by weighing feed 

clearance. The calculated nutritional parameters of the high fat diet and standard chow diet 

are presented in Table 3.7.  

Table 3.7: Calculated nutritional parameters of animal fed diets 

Nutritional parameters High fat diet Standard chow diet 

Protein (%) 19.0 20.0 

Total fat (%) 21.0 5.0 

Crude fibre (%) 4.7 5.0 

Digestible energy (MJ/kg) 19.4 17.25 

Digestible energy from lipids (%) 40.0 10.7 

Digestible energy from protein (%) 17.0 19.7 

  

3.5.2 Body composition 

Abdominal circumference was assessed at the end of the study when the rodent was 

anaesthetized with the rat placed in the ventral position. Abdominal circumference was taken 

on the largest zone of the rat abdomen using a plastic non-extensible measuring tape with an 

accuracy of 0.1 cm.  
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Whole body composition (fat mass, lean mass, free water and total body water) was 

determined in conscious rats by using the EchoMRI-900 body composition analyser 

(EchoMedical systems, Houston, Texas, USA) at pre-intervention and post-intervention. 

Calibration of the machine was completed according to the manufacturer’s instructions using 

canola oil as the calibration medium. The body scan was completed in duplicate to ensure 

accuracy of measurements and the mean of the two scans was used as the final reading. Data 

were exported to Windows XP Professional Edition (Microsoft). 

Following the treatment period, rats were anaesthetised and abdominal adipose tissue was 

dissected and weighed. Visceral fat mass was determined by weighing the left perirenal and 

epididymal adipose fat pads.  

 

3.5.3 Blood pressure 

Systolic blood pressure and diastolic blood pressure values were measured in conscious, pre-

warmed, restrained animals by non-invasive tail-cuff plethysmography (CODA Non-invasive 

blood pressure System for rats, Kent Scientific Corporation, Connecticut, USA) at baseline 

and at the end of the supplementation period. To increase tail vein circulation, rats were pre-

warmed in a heating chamber for 10 minutes at 30 °C. The tail cuff and volume pressure 

sensor were placed on the tail of each rat and then underwent five acclimatisation cycles 

followed by 10-20 cycles of cuff inflation (5 seconds between cycle sets). Systolic and 

diastolic blood pressure readings were analysed using CODA software.    
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3.5.4 Urine collection 

To monitor possible effects on kidney function, 24-hour urine collection was taken at 3-time 

points during the experiment. Metabolic cages were used to collect the rodent’s urine over a 

24 hour period at baseline and at the end of the supplementation period.  One rat was placed 

in each metabolic cage provided with a wire mesh bottom and a funnel to collect urine. Urine 

was collected into pre-weighed plastic containers to identify total volume of urine voided. 

Rats were provided with their group specific feed and tap water ad libitum. After 24 hours of 

collection, the urine samples were transported to the laboratory on ice immediately after 

collection. The urine was then centrifuged to remove solid debris such as food, faecal matter 

or fur at 4000 x g (RCF 3399) at 4 °C for 10 minutes. Urine was then collected into 2 mL 

Eppendorf tubes and frozen at -80 °C for further analysis.  

 

3.5.5 Urinary sodium excretion  

Urinary sodium content was measured at baseline and post-intervention using the flame 

photometer (Corning Clinical Flame Photometer 410c, Corning 805 Dilutor, Sherwood 

Scientific Limited, Cambridge, United Kingdom). The flame photometer was calibrated 

according to the manufacturer’s instructions. Undiluted samples were used to measure 

sodium content and were expressed as mmol/L.  

  

3.5.6 Insulin sensitivity 

Animals were deprived of food for at least 2 hours but were allowed to drink tap water. The 

animal’s weight was recorded to determine the insulin dosage.  Rats were given 0.75 U/kg 
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body weight of insulin (Humalog, Eli Lilly, NSW, Australia, Pty Ltd). The insulin solution 

was prepared with 50 µL of insulin and 20 mL of 0.9 % of saline.  

Following the two hour fast, the baseline blood glucose was measured with a blood glucose 

meter kit (Optium Freestyle blood glucose meter kit, Abbott Laboratories Limited, England) 

via the tail snip method. The tail tip of each rat was clipped to obtain blood (approximately 

25 µL) for blood glucose determination (mmol/L). The insulin solution was administrated 

when the rat was placed in a towel roll. The insulin was injected intraperitoneally into the 

abdominal cavity just below the abdominal muscle layers. Blood glucose was monitored at 

15, 30, 60, 90 and 120 minutes following administration of insulin. At the completion of the 

test, all rats were given food and water. The insulin sensitivity test was completed at baseline 

and at the end of the supplementation period. 

 

3.5.7 Glucose tolerance 

Two days following the insulin tolerance test, an intraperitoneal glucose tolerance test 

(IPGTT) was conducted. The rodents were fasted for 24 hours prior to the commencement of 

the test. Animals were weighed to determine the volume of glucose to be injected.  Before the 

glucose load, a fasting measure was obtained using the blood glucose meter kit (Optium 

Freestyle blood glucose meter kit, Abbott Laboratories Limited, England). The glucose load 

(2 g/kg BW) was administrated via an intraperitoneal injection. Blood was monitored via the 

tail snip method post IP by reopening the initial incision at 15, 30, 60, 90, 120 minutes and a 

commercial glucose meter (MediSense, Precision Plus, Abbott Diabetes Care Inc.) was used 

to determine the blood glucose level. The IPGTT was performed at baseline and at the end of 

the supplementation period. 
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3.6 Blood sample collection 

Following the end of the treatment period, rodents were deeply anaesthetised by 

intraperitioneal injection at a dose of 100 mg/kg BW with sodium Pentobarbitone.  A 

laparotomy incision was made once the animals were anaesthetised for the gross examination 

of abdominal tissues and blood collection.  Rats were euthanized following cardiac puncture 

through which blood samples of approximately 10 mL were collected from the heart into 

heparinised tubes and chilled on ice. Plasma was obtained by blood centrifugation at 4000g at 

4 °C for 10 minutes, aliquoted and stored at -80 °C for further analysis.    

 

3.7 Plasma analysis 

3.7.1 Total cholesterol and triglyceride analysis 

Rat triglyceride levels and total cholesterol were measured by enzymatic methods, using 

commercially available kits (Thermo Fisher Scientific Inc, Middletown, USA). Measurement 

of total cholesterol and triglycerides has been described in detail in sections 3.3.2.1.1 and 

3.3.2.1.2. 

 

3.7.2 Plasma glucose 

The glucose analyser (YSI 2300 STAT Plus) was used to analyse post intervention plasma 

glucose (mmol/L) levels. The machine was calibrated according to the manufacturer’s 

instructions.   

 



 

97 

 

3.8 Tissue collection and analysis 

3.8.1 Liver lipid content 

The current protocol for lipid extraction is the Folch procedure (Folch et al., 1957). Liver was 

dissected into finely sliced 3g pieces and placed in a solution containing 50 mL of chloroform 

(LiChrosolv, Merch, Damstadt, Germany): methanol (LiChrosolv, Merch, Damstadt, 

Germany) 2:1 ratio, containing approximately 10 mg/L butylated hydroxytoluene (Kosher, 

SAFC, Sigma-Aldrich, Louise, USA) (antioxidant used for longevity of samples) and were 

kept in the cool room.  

For lipid extraction, the samples were returned back to room temperature. The extraction 

solution was filtered into a separation funnel equipped with filtration paper. Furthermore, the 

sample bottles were rinsed with 10 mL of chloroform: methanol (2:1 ratio) twice and were 

poured through the funnel with the filtration paper into the separation funnel. Then the bottles 

were rinsed with 10 mL of chloroform once. By rinsing the bottles this permitted maximum 

collection of the extraction solution. Then the funnel and filter paper was removed when the 

greatest amount of the extraction solution was in the separation funnel and the filter paper 

was dry. Next, 16 mL of 0.6 % NaCl (2.4g sodium chloride powder and 400 mL of distilled 

water H2O) was poured into the separation funnel. The separation funnels were capped, 

mixed well and left overnight at room temperature to allow the solutions to partition. 

Once the upper and lower phase of the solutions was reached, the bottom phase containing 

the lipid was collected in a round bottomed flask (pre rinsed with chloroform) and the upper 

phase was discarded. In addition, rotary evaporation (Heidolph VV 2000, waterbath type WB 

2000, Schwabach, Germany) at 40 °C, speed 120-150 with warm water of the bottom phase 
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occurred. The rotary evaporator rotates the round flask which causes the solvent to evaporate 

and therefore the lipid is left in the round flask.  

Once dry, the lipid was reconstituted with 2.5 mL of chloroform (CHCI3) three times to 

ensure the maximum amount of lipid extract was obtained.  Then the lipid extract was 

transferred into a 10 mL volumetric flask up to the mark and mixed well with the pipette. 

Then 1 mL of the lipid extract was transferred into a pre-weighed 4 mL vial, dried off under 

N2 gas via the nitrogen evaporator (N-EVAP111, Organomation Associates Inc., Berlin, MA, 

USA) (leaving only the lipid) and left in the desiccator overnight (lidless) to prevent moisture 

exposure. The 4 mL vials placed in the desiccator were re-weighed to calculate the lipid 

(g/mL) content. The total lipid as percentage to the liver wet tissue was calculated with the 

following formula: 

Lipid in 1 mL solution x (10 / 3*) x 100 

10 = volume of lipid extract. *= mass of tissue sample acquired from dissection.  

 

3.8.2 Histological analysis of liver  

Liver tissue was sectioned, weighed and finely diced using a sharp scalpel blade. Liver 

samples were fixed in 10 % neutral-buffered formalin (NBF). The formalin solution was 

prepared by mixing 100 mL of formaldehyde (Ajax Finchem Pty Ltd, NSW, Australia), 900 

mL of distilled water, 4.0 g of NaH2P04 (Sodium dihydrogen orthophosphate dehydrate, 

BDH Laboratory Supplies, England) and 6.5 g of Na2HPO4 (Sodium phosphate, Sigma 

Chemical Co, St Louise, USA) together.  Liver tissue was then dehydrated via a series of 

graded ethanol baths in order to displace the water and was then infiltrated with wax. This 

was achieved by firstly submerging liver tissue in 70 % ethanol to begin the processing 
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schedule using the automated tissue processor for a total of 14 hours. The following paraffin 

processing cycle was used: 70 % ethanol for 1 hour, 90 % ethanol for 1 hour, 100 % ethanol 

for 1 hour, 100 % ethanol for 1 hour and 30 minutes, 100 % ethanol for 1 hour and 30 

minutes, 50/50 % ethanol/xylene for 1 hour and 30 minutes, xylene for 1 hour and 30 

minutes, paraffin wax for 1 hour, paraffin wax for 1 hour, paraffin wax for 1 hour, and 

paraffin wax for 30 minutes. 

Following embedding of tissue into wax blocks (stored at room temperature), microtome 

sectioning was then undertaken. Firstly, the water bath was set at 47-48 °C with fresh ionized 

water and the slide warmer was set at 60 °C. The blocks that were sectioned were first placed 

face down on an ice block for at least 20 minutes to keep the tissue cool. A fresh blade was 

placed on the microtome after sectioning up to 10 blocks. The rotary handle was locked and 

the guard was then put over the blade. The alignment of the blade was set at 10. To begin, the 

paraffin block (cassette) was put on the clamp (specimen holder) with the block facing the 

blade and aligned in a vertical plane. The microtome was then unlocked. The distance 

between the paraffin block and the blade was adjusted so that the blade was only touching the 

block slightly by turning both wheels. The microtome dial was set at 20-30 microns 

(thickness of trim) in order to plane the block. Once the blade was cutting smoothly, the dial 

was set at 2 microns. Once the desired section of thickness was produced, the ribbon was 

transported to the water bath (floating on the surface of the water bath).  A microscope slide 

was put at a 90 °C angle next to the section and then pulled up (the section adhered to the 

glass slide). The slides were put in a pre-labelled rack and put in the oven (37 °C) to bond the 

tissue to the glass ready for Haematoxylin and Eosin (H & E) staining.  

H & E staining was performed following a standard protocol (Ross and Pawlina, 2011). 

Sections were cleared in xylene for five (3 and 2 minutes) minutes, then immersed in absolute 
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alcohol for two minutes (1 and 1 minute) and rinsed in 70 % alcohol and then rinsed in 30 % 

alcohol followed by a thorough wash with tap water. Sections were then counterstained with 

Mayer’s haematoxylin for two minutes, then returned to tap water and then immersed in 

Scott’s tap water (blueing solution) for one minute and then rinsed in tap water again for one 

minute. The sections were then examined microscopically. Following this, sections were then 

stained with Eosin (1 % Sigma Aldrich) for two minutes followed by a brief rinse in tap 

water. Sections were then immersed in 30 % alcohol (x 10 dips), then 70 % alcohol (x 10 

dips) and then absolute alcohol for 30 dips (10 dips and 20 dips) and then cleared with xylene 

for 3 minutes (1 and 2 minutes) and mounted with DPX mounting media (Thermo Scientific) 

on coverslips. Liver sections were imaged at 400 X magnification (Carl Zeiss microscope) 

from two rats in each group for the analysis of liver lipid droplets using Axio Vision 4.8 

software.  
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3.9 Quantification of results and statistical analysis 

The sample size for study 1 & 3 (a minimum of 13 per group) was determined by statistical 

power analysis (using the mean change of 25 and standard deviation of 20) (two tailed t-test 

at the 0.05 significance level for the power of 90 % of expected differences in appetite, one of 

the major measured outcomes) based on the previous findings of Kuriyan et al (2007). All 

data were expressed as mean ± SEM, unless specified otherwise. For study 1, a one-way 

ANOVA and multiple comparisons using a Tukey HSD post hoc analysis were performed to 

assess the change (expressed as delta) in the parameters over time between groups and within 

the group. For study 2, one-way ANOVA was performed to compare all baseline data 

between groups. A mixed model analysis was carried out to compare four groups and where 

the main effects were significant (p <0.05), means were compared using Tukey’s multiple 

comparisons test. For study 3, mixed model analysis was also used to analyse the effects of 

the intervention, time, and the interaction between the intervention and time with pairwise 

comparisons (adjusted for multiple comparisons by Bonferroni’s post-hoc test). When the 

interaction and/or the main effects were significant, means were compared using Tukey’s 

multiple comparison post hoc test. P values were accepted at p < 0.05. Statistical analysis was 

performed and 95 % confidence intervals (CI) was calculated using the SPSS package, 

version 22 (SPSS, Chicago, IL, USA).  
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CHAPTER 4: STUDY 1 - A PILOT STUDY INVESTIGATING THE EFFECT OF 

CARALLUMA FIMBRIATA EXRACT ON THE RISK FACTORS OF METABOLIC 

SYNDROME IN OVERWEIGHT AND OBESE SUBJECTS: A RANDOMISED 

CONTROLLED CLINICAL TRIAL 

ASTELL, K. J., MATHAI, M. L., MCAINCH, A. J., STATHIS, C. G. & SU, X. Q. 2013. A 

pilot study investigating the effect of Caralluma fimbriata extract on the risk factors of 

metabolic syndrome in overweight and obese subjects: a randomised controlled clinical trial. 

Complement Ther Med, 21, 180-9. 

 

4.1 Summary 

Objectives: Central obesity is a key component of metabolic syndrome and it is often 

associated with other risk factors such as dyslipidemia, elevated plasma glucose levels and 

elevated blood pressure (BP).  In this pilot study, the effect of Caralluma fimbriata (an edible 

succulent) extract in combination with controlled dietary intake and physical activity on these 

risk factors was assessed in overweight and obese Australian subjects compared to placebo. 

Design: This was a randomized, double blind placebo controlled clinical trial. Forty three 

adults aged 29-59 years were recruited. The eligibility criteria included a BMI > 25 kg/m
2
, or 

a waist circumference > 94 cm (male), > 80 cm (female).  Thirty three participants completed 

the 12-week study at Victoria University, Nutritional Therapy Clinic. Participants were 

randomly assigned into two groups. Caralluma fimbriata extract and placebo were orally 

administered as 500 mg capsules twice daily (1g/day) and dietary intake and exercise were 

monitored weekly.   
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Results: The results of thirty three participants (experimental group, n = 17; placebo group n 

= 16) were analysed. The primary outcome measure was the decline in waist circumference. 

By week 9, the experimental group had lost 5.7 cm, compared to only 2.8 cm loss in the 

placebo group (Difference: -2.890; 95 % CI; -5.802 – 0.023).  Post intervention, the 

experimental group had lost 6.5 cm compared to 2.6 cm loss in the placebo group 

(Difference: -3.847; 95 % CI; -7.466 – 0.228). WHR also improved significantly after 12 

weeks intervention in the experimental group, with a total reduction of 0.03 being recorded 

compared to 0.01 increase in the placebo group (Difference: -0.033; 95 % CI; -0.064 – -

0.002). There was also a significant decline in the palatability (visual appeal, smell, taste) of 

the test meal and sodium intake in the experimental group at week 12 (p < 0.05). In addition a 

significant reduction in body weight, BMI, hip circumference, systolic BP, HR, triglyceride 

levels, total fat and saturated fat intake within both groups was observed following the 

intervention period (p < 0.05).   

Conclusion: Supplementation with Caralluma fimbriata extract whilst controlling overall 

dietary intake and physical activity may potentially play a role in curbing central obesity, the 

key component of metabolic syndrome. Controlling dietary intake and exercise improved 

body weight and favourably influenced the metabolic risk profile.  

Name of trial registry: Australian and New Zealand Clinical Trials Registry 

Registration number: ACTRN12610000289011 
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4.2 Introduction 

Metabolic syndrome is a complex disorder characterized by a clustering of cardiovascular 

risk factors including abdominal/central obesity, dyslipidemia, elevated plasma glucose levels 

and elevated BP (The National Cholesterol Education Program, 2001).  Central obesity is one 

of the major determinants of metabolic syndrome (Carr et al., 2004). Pathological 

mechanisms involved in metabolic syndrome include ectopic lipid accumulation resulting in 

lipotoxicity and altered secretion of adipocytokines (adipocyte-derived hormones) (Carr et 

al., 2004). Visceral fat is metabolically active as a source of adipocytokines chiefly leptin 

(Yun et al., 2010), adiponectin (Yatagai et al., 2003), plasminogen activator inhibitor type 1 

(Giltay et al., 1998), tumour necrosis factor alpha (van Harmelen et al., 2002) and non-

esterified fatty acids (Abate et al., 1995).  

 

The majority of individuals affected by metabolic syndrome are overweight or obese, thus 

dietary treatment is focused on weight reduction (Grant and Meigs, 2005). Strategies for body 

fat reduction typically involve a combination of lifestyle changes such as limiting calorie 

intake, increasing physical activity, behavioural therapy, pharmacotherapy, and surgery 

(Celleno et al., 2007).  

 

The availability and popularity of natural dietary supplements for weight loss has risen 

dramatically in recent years. Among potential natural supplements for weight reduction are 

the appetite suppressants. One such supplement is the extract of Caralluma fimbriata, an 

edible succulent plant, in the Asclepiadaceae family, native to India (Kuriyan et al., 2007). 

Indian tribal people have used the natural appetite suppressant for many centuries, and in 

times of famine it is a commonly used vegetable (Kuriyan et al., 2007). The appetite 
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suppressing properties of C. fimbriata has been attributed to the active component, pregnane 

glycosides (Kunert et al., 2008). The mechanism of appetite suppression by pregnane 

glycosides is unclear, however one hypothesis is that C. fimbriata may down-regulate ghrelin 

synthesis in the stomach and neuropeptide-Y in the hypothalamus, resulting in appetite 

suppression (Gardiner et al., 2005).   

 

Preliminary human clinical trials have shown significant weight reductions in overweight 

Indian subjects with supplementation of C. fimbriata extract in addition to lifestyle 

modification (Lawrence and Choudhary, 2004). A study by Kuriyan et al  (2007) on the 

appetite suppressing effects of C. fimbriata in overweight Indian adults (25-60 years) showed 

a significant reduction in waist circumference after two months intervention. In addition the 

hunger level of participants reduced by 20 % which may account for an 8 % decline in energy 

intake of the experimental group (Kuriyan et al., 2007). However, Kuriyan et al  (2007) did 

not identify a significant reduction in blood lipid profile in the subjects with or without C. 

fimbriata supplementation. Also, no human trials have reported the effect of C. fimbriata 

extract on other metabolic risk factors including plasma glucose levels, BP and 

adipocytokines such as leptin. The aim of this study was to determine whether C. fimbriata 

extract, in addition to a hypocalorie diet (deficit of 500kcal/day of estimated energy 

requirements) and regular physical activity, can attenuate metabolic disturbances including 

central obesity, elevated BP, dyslipidemia and elevated blood glucose levels in generally 

healthy and obese Australian adults. 
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4.3 Methods  

4.3.1 Experimental design, participant recruitment and randomisation  

This study was a randomized, double blind, placebo controlled clinical trial. It was conducted 

at Victoria University, Nutritional Therapy Clinic, Melbourne, Australia. Recruitment of 

participants and eligibility criteria are described in section 3.1 of this thesis. Thirty three 

volunteers (29-59 years), were randomly assigned (Figure 4.1) into either the placebo (n = 

16; 14 females, 2 males) or the experimental group (n = 17; 12 females, 5 males).  

 

The study was approved by the Human Research Ethics Committee of Victoria University, 

Australia (HRETH 10/22) and registered by ANZCTR. At the beginning of the study all 

eligible volunteers were informed about the details of the study including that they would be 

randomly assigned into one of the two groups (experimental or placebo) prior to signing the 

consent form.  
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Figure 4.1: The study flow chart   

 

4.3.2 Outcome measures    

Prior to intervention, the participants completed a medical and a health and wellbeing 

questionnaire (Your Health and Wellbeing; SF-36v2 Health Survey). The baseline 

assessment included anthropometry (as described in section 3.2.1), metabolic parameters 

Analysed (n=17) 

 

Lost to follow-up (n=5) due to work and 

other priorities such as family 

commitments. 

Continued follow up (n=17) 

Allocated to intervention (n=22) 

Received allocated intervention (n=22) 

Lost to follow-up (n= 5) due to work and 

other priorities such as family 

commitments. 

Continued follow up (n=16) 

 

 

 

Allocated to control (n=21) 

Received allocated intervention (n=21) 

 

Randomized (n= 43) 

 

Assessed for eligibility (n= 43) 

Analysed (n=16) 

 

Excluded (n = 0) 

All participants assessed for 

eligibility met the inclusion criteria.  
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(section 3.3), dietary intake (section 3.2.4), appetite (section 3.2.3), BP and heart rate (HR) 

(section 3.2.2). Appetite sensations were measured via the VAS method. Participants were 

required to record their appetite sensations for ‘hunger’, ‘desire to eat’, and ‘fullness of 

stomach (satiety)’ as well as rating the palatability of the meal on a scale of 0 to 100 mm. 

 

The control capsule was a 500 mg capsule containing 100 % maltodextrin. The C. fimbriata 

extract and placebo capsules were provided in a 2-piece hard shell capsule form and delivered 

in blindly labelled sealed bags as 500 mg capsules twice daily (1 g/day) before meals for 12 

weeks. This dosage was determined based on the previous study by Kuriyan et al (2007).  

Both capsules were supplied by AZPA Pharmaceuticals Pty Ltd, Melbourne, Australia. The 

ingestion of the capsules was monitored weekly during the nutrition consultations and a 

capsule calendar was also administered at the beginning of the trial and submitted at the 

completion of the 12 weeks.  

 

During the intervention period dietary intake and exercise were controlled. Both groups 

received consistent dietary and exercise advice once per week.  In order to obtain optimal 

compliance among participants, it was deemed helpful to provide and control participant’s 

dietary and physical activity level.  The dietary intake was monitored through 3-day food 

diaries fortnightly and participation in physical activity was also noted on the food diary 

submitted. The participants followed a hypocaloric diet (deficit of ~500 kcal/day of estimated 

energy requirements). Anthropometric measurements and BP were taken during each 

consultation. Appetite sensations were assessed at week six and three-day food diaries were 

collected fortnightly to monitor dietary intake.   
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After the 12-weeks intervention, anthropometry, BP, heart rate, appetite, dietary intake and 

biochemical parameters including blood lipid profile and plasma leptin levels were assessed.  

The food diaries were analysed using Food Works Professional 2009, version 6 (Xyris 

Software, QLD, Australia Pty Ltd) (Xyris Software Pty Ltd, 2007). 

 

4.4 Statistical analysis 

The sample size for the trial (a minimum of 13) was determined by statistical power analysis, 

two tailed t-test at the 0.05 significance level for the power of 90 % of expected differences in 

the major measured variable of the experiment i.e. appetite (using the mean change of 25 and 

standard deviation of 20) (Kuriyan et al., 2007). A 10 % reduction in appetite was considered 

significant, based on the previous study conducted by Kuriyan et al (2007).  All data were 

expressed as mean ± standard deviation. Changes in each parameter between the two groups 

at various time points are expressed as magnitudes (delta).  A one-way ANOVA and multiple 

comparisons using a Tukey HSD post hoc analysis were performed to assess the change in 

the parameters over time within the group and between groups. P values of less than 0.05 (p < 

0.05) were considered statistically different. Statistical analysis was performed and 95 % CI 

was calculated using the SPSS package, version 19 (SPSS, Chicago, IL, USA).  
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4.5 Results 

All screened volunteers met the inclusion criteria (n = 43). Ten participants (five in the 

experimental and five in the placebo group) did not complete the trial due to work and family 

commitments. These participants were excluded from the study (Figure 4.1). In addition, 

there was no breach of the blinding process identified throughout the intervention period.  

 

The physical characteristics of the participants including age, body weight, BMI, waist and 

hip circumference and WHR were not significantly different between the two groups at 

baseline (Table 4.1).  

 

Table 4.1: Physical characteristics of the subjects at baseline 

Parameter Experimental group (n = 17) Placebo group (n = 16) 

 

 

 Age (yrs) 46.7±9.7 46.4±10.4 

Body weight (kg) 93.0±16.5 91.8±15.3 

Body mass index (kg/m²) 32.5±6.4 31.8±4.1 

Waist circumference (cm) 102.1±11.2 100.3±12.1 

Hip circumference (cm) 117.6±12.8 116.1±6.9 

Waist to hip ratio 0.87±0.06 0.86±0.08 

     

 

Values are expressed as means ± standard deviation (SD), n = number of subjects.  

 

The primary outcome measure of this study was the decline in waist circumference. By week 

9, the experimental group had lost 5.7 cm, compared to only 2.8 cm loss in the placebo group 

(Difference: -2.890; 95 % CI; -5.802 – 0.023).  Post intervention, the experimental group had 

lost 6.5 cm compared to 2.6 cm loss in the placebo group (Difference: -3.847; 95 % CI; -

7.466 – 0.228) (Figure 4.2).  
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WHR also improved significantly after 12 weeks intervention in the experimental group, with 

a total reduction of 0.03 being recorded compared to 0.01 increase in the placebo group 

(Difference: -0.033; 95 % CI; -0.064 – -0.002). There were no significant differences 

between the experimental and placebo group for anthropometry and blood pressure over the 

intervention period (Table 4.2). However there were significant within group changes 

observed compared to baseline data. Both groups showed a significant reduction in body 

weight, BMI and hip circumference after 12 weeks intervention (p < 0.05). Furthermore a 

significant reduction in systolic blood pressure and heart rate was also recorded in both 

groups (p < 0.05) (Table 4.2).  
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Table 4.2: Anthropometry, BP & HR at baseline, week 6 and week 12 

Parameter Experimental Placebo Difference 
a
 (95 % CI) 

Body weight (kg)    

Baseline 93.0±16.5 91.8±15.3  

Week 6 91.1±16.3 89.8±16.1 0.191 (-1.18 – 1.56) 

Week 12 91.0±16.6
b 

89.0±16.1
b 

0.787 (-1.85 – 3.42) 

    

BMI (kg/m²)    

Baseline 32.5±6.4 31.8±4.1  

Week 6 32.1±6.5 31.2±4.2 0.213 (-0.41 – 0.84) 

Week 12 31.9±6.2
b 

30.9±4.2
b 

0.349 (-0.41 – 1.10) 

    

Waist circumference (cm)    

Baseline 102.1±11.2 100.3±12.1  

Week 6 96.8±9.7 95.8±12.6 0.733 (-4.00 – 2.53) 

Week 12 95.6±10.1
b 

97.7±12.7
b, c 

-3.847 (-7.47 – 0.23)  

    

Hip circumference (cm)    

Baseline 117.6±12.8 116.1±6.9  

Week 6 114.6±13 113.6±5.7 0.498 (-2.53 – 1.53) 

Week 12 114.1±12.7
b 

112.1±6.1
b 

0.561 (-2.18 – 3.33) 

    

WHR    

Baseline 0.87±0.1 0.86±0.1  

Week 6 0.85±0.1 0.84±0.1 0.004 (-0.029 – 0.04) 

Week 12 0.84±0.1
b 

0.87±0.1
b, c 

-0.033 (-0.06 – -0.00) 

    

Systolic Blood pressure (mm Hg)    

Baseline 126.4±11.4 135.3±26  

Week 6 120.6±15.8 125.2±19.5 4.421 (-3.10 – 11.95)  

Week 12 120.1±15.4
b 

122.1±14
b 

7.015 (-4.39 – 18.42) 

    

Diastolic blood pressure (mm Hg)    

Baseline 86.6±9.8 88.9±15.9  

Week 6 84.9±12.2 86.5±12.3 0.640 (-5.02 – 6.30) 

Week 12 84.1±15.5 84.4±8.6 2.031 (-5.22 – 9.28)  

    

Heart rate (Beats/min)    

Baseline 69.8±10.4 76.9±16.1  

Week 6 68.5±10.2 68.4±10.2
c 

7.175 (1.56 – 12.78) 

Week 12 65.3±8.9
b 

70.1±11.3
b 

2.309 (-3.25 – 7.87)  

Values are expressed as means ± SD. 
a 

Treatment minus Placebo. 
b 

A significant difference was observed at 

week 12 compared to baseline data (p < 0.05). 
c 
There was a significant change between groups.  Exclusion of 

the value zero of the 95 % CI implies statistical significance at the 5 % level.  
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Figure 4.2: Change in waist circumference over the intervention period. * Significant difference between 

the two groups at week 9 (Difference: -2.890; 95 % CI; -5.802 – 0.023) and week 12 (Difference: -3.847; 95 % 

CI; -7.466 – 0.228). 

 

The metabolic parameters of the two groups are shown in Table 4.3. There were no 

significant differences in metabolic parameters between the two groups over the intervention 

period. However, there was a significant reduction in triglyceride levels after 12 weeks 

intervention in both groups compared to baseline data (p < 0.001).  The health and wellbeing 

survey results showed an overall improvement in general health in both groups. The 3-day 

food diary analysis (Table 4.4) showed a significant decline in total fat and saturated fat 

intake in both the experimental and placebo groups (p < 0.05). In addition, sodium intake in 

the experimental group was significantly reduced from 3.4 g to 2.2 g after 12 weeks 

intervention (p < 0.05). 

The data on appetite assessment using the VAS method (Table 4.5) showed a significant 

reduction in the palatability (visual appeal, smell, taste) of the test meal in the experimental 

group compared to baseline data (p < 0.05). Although the placebo group showed a reduction 
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in desire to eat at week 6 (Difference: 0.625; 95 % CI; -1.45 – 2.70) (post ingestion) and 

week 12 (Difference: 0.856; 95 % CI; -1.56 – 3.27) (before ingestion), and hunger (before 

ingestion) (0.777; 95 % CI; -1.55 – 3.10) at week 12 there was no significant change 

observed in total energy intake between the two groups at any time point.  

 

Table 4.3: Metabolic parameters at baseline and week 12  

Parameter Experimental Placebo Difference 
a
 (95 % CI) 

Fasting blood glucose (mmol/L) 

   Baseline 5.6±0.6 6.6±1.5  

Week 12 5.6±1.1 6.6±1.7 0.038 (-0.62 – 0.69) 

   

 

Triglycerides (mmol/L) 

  

 

Baseline 2.12±1.4 2.6±1.8  

Week 12 0.6±0.2
b 

0.8±0.3
b 

0.271 (-1.19 – 1.24) 

   

 

Total cholesterol (mmol/L) 

  

 

Baseline 4.3±1.4 4.3±1.4  

Week 12 3.7±0.8 4.0±1.1 0.449 (-1.60 – 0.69) 

   

 

HDL cholesterol (mmol/L) 

  

 

Baseline 0.9±0.2 0.7±0.3  

Week 12 1.0±0.4 0.9±0.6 -0.091 (-0.50 – 0.32) 

   

 

LDL cholesterol (mmol/L) 

  

 

Baseline 3.0±1.3 3.0±1.1  

Week 12 2.5±1.0 2.9±1.3 0.389 (-1.49 – 0.72) 

   

 

HDL: LDL ratio (mmol/L) 

  

 

Baseline 0.4±0.4 0.3±0.1  

Week 12 0.4±0.3 0.3±0.1 0.022 (-0.27 – 0.31) 

   

 

Leptin ng/mL 

  

 

Baseline 25.1±18.3 26.1±16.8  

Week 12 28.8±20.3 24.9±8.8 4.884 (-14.07 – 23.84) 

Values are expressed as means ± SD. 
a 

Treatment minus Placebo. 
b 

A significant difference was observed at 

week 12 compared to baseline data (p < 0.05). Exclusion of the value zero of the 95 % CI implies statistical 

significance at the 5 % level.  
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Table 4.4: Food intake assessment at baseline, week 6 and week 12 

Parameter Experimental Placebo Difference 
a
 (95 % CI) 

    Carbohydrate intake (g) 

   Baseline 226.5±70.3 230.2±75.3  

Week 6 201.8±93.5 193.7±37.3 11.833 (-56.66 – 80.33) 

Week 12 183.5±99.6 209.5±92.4 -22.381 (-106.74 – 61.98) 

   

 

Fat intake (g) 

  

 

Baseline 101.8±40 83.8±44.9  

Week 6 66.9±37.6 69.9±21.9 -21.030 (-56.89 – 14.83) 

Week 12 54.9±21.5
b 

52.2±22.1
b 

-15.328 (-51.49 – 20.84) 

   

 

Saturated fat intake (g) 

  

 

Baseline 41±15.9 33.6±20.8  

Week 6 26.8±17 26.1±7.8 -6.771 (-22.79 – 9.25) 

Week 12 18.4±6.9
b 

18±8.2
b 

-6.976 (-21.74 – 7.79) 

   

 

Protein intake (g) 

  

 

Baseline 98.6±44.8 100.8±31  

Week 6 95.2±47.1 92.4±28.3 4.993 (-34.40 – 44.39) 

Week 12 92.9±40.2 84.2±29.1 10.974 (-19.36 – 41.31) 

   

 

Sodium intake (mg) 

  

 

Baseline 3405.8±1679.3 2807.0±1129.1  

Week 6 2518.5±1048 3067.8±3594.6 -1148.143 (-3048.08 – 751.80) 

Week 12 2156.2±885
b 

1968.9±913 -411.575 (-1651.21 – 828.06) 

   

 

Energy intake (kJ) 

  

 

Baseline 9105±3473 8805±3330  

Week 6 8386±3431 7438±1522 647.960 (-2096.84 – 3392.76) 

Week 12 7552±2527 7484±2385 -231.919 (-2879.56 – 2415.72) 

 

Values are expressed as means ± SD. 
a 

Treatment minus Placebo. 
b 

A significant difference was observed at 

week 12 compared to baseline data (p < 0.05). Exclusion of the value zero of the 95 % CI implies statistical 

significance at the 5 % level.  
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Table 4.5: Appetite sensations at baseline, week 6 and week 12 

Parameter Experimental Placebo Difference 
a
 (95 % CI) 

    Before ingestion 

   Hunger 

   Baseline 4.7±2.5 3.4±2.4  

Week 6 5.6±2.2 5.5±2.8 0.768 (-3.27 – 1.73) 

Week 12 6.4±2.2 4.5±2.3
c 

0.777 (-1.55 – 3.10) 

   

 

Desire to eat 

  

 

Baseline 5.2±2.5 3.9±2.6  

Week 6 5.8±2.0 5.1±2.8 0.339 (-2.75 – 2.07) 

Week 12 6.2±2.2 4.4±2.4
c 

0.856 (-1.56 – 3.27) 

   

 

Post ingestion 

  

 

Hunger 

  

 

Baseline 0.7±1.8 0.4±0.8  

Week 6 2.0±2.8 1.1±1.5 0.750 (-1.47 – 2.97) 

Week 12 1.9±2.6 1.9±2.4 0.134 (-2.46 – 2.19) 

   

 

Desire to eat 

  

 

Baseline 1.6±2.0 0.9±1.5  

Week 6 1.9±2.1 0.5±0.9
c 

0.625 (-1.45 – 2.70) 

Week 12 1.9±2.5 1.9±2.2 0.344 (-2.52 – 1.83) 

   

 

Fullness 

  

 

Baseline 8.4±1.9 7.3±2.5  

Week 6 8.6±1.5 8.2±2.0
c 

-1.649 (-2.72 – 0.58) 

Week 12 8.3±1.9 8.7±1.4
c 

-2.029 (-3.56 – 0.50) 

   

 

Palatability 

  

 

Baseline 6.4±2.8 5.8±3.0  

Week 6 5.9±2.7
 

6.0±3.2 -1.732 (-3.67 – 0.21) 

Week 12 6.1±2.5
b 

6.5±2.8 -1.577 (-3.33 – 0.18) 

   

 

Meal weight (g) 

  

 

Baseline 277.6±101.2 232.6±102.4  

Week 6 261.9±120.4 238.4±70.5 -24.060 (-129.71 – 81.59) 

Week 12 248.8±136.9 287.6±95.4 -92.583 (-200.69 – 15.52) 

 

Appetite assessment was performed using the visual analogue scales method (VAS) method.  Values are 

expressed as mean ± SD.
  

 
a 

Treatment minus Placebo. 
b 

A significant difference was observed at week 12 

compared to baseline data (p < 0.05). 
c 
There was a significant change between groups.  Exclusion of the value 

zero of the 95 % CI implies statistical significance at the 5 % level.  
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In general, the C. fimbriata and placebo capsule preparations in our study were well tolerated. 

There were few adverse events and these were considered mild. Two participants in the 

experimental group experienced minor side effects in the first few weeks of the intervention 

period which included a skin rash and constipation. These symptoms subsided within two 

weeks following cessation of the intervention.  

 

4.6 Discussion  

The present study demonstrated that supplementation with C. fimbriata extract in 

combination with a hypocalorie diet was associated with a clinically significant reduction in 

central adiposity, a major component of metabolic syndrome. The primary finding was a 

decline in waist circumference following 12 weeks supplementation in the experimental 

group. The observed treatment effect (treatment minus placebo) is markedly stronger in this 

study compared to that reported in the study by Kuriyan et al (2007), with an intervention 

period of two months.  

 

Obesity is considered a major health problem, increasing the risk of metabolic syndrome 

(Kuriyan et al., 2007), CVD, type 2 diabetes and other lifestyle related diseases (Cameron et 

al., 2007). Obesity and its associated co-morbidities continue to present an escalating 

challenge to contemporary medicine. Waist circumference is a useful and convenient measure 

of central obesity. Therefore the decline in waist circumference following C. fimbriata 

supplementation is vital as it implicates the potential role of this plant extract in the treatment 

of central obesity and the prevention of metabolic syndrome and other lifestyle related 

diseases.   
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The waist circumference significantly declined independent of body weight in the 

experimental group after 12 weeks intervention. The relatively greater reduction in waist 

circumference in the experimental group could indicate higher fat mobilisation induced by C. 

fimbriata. A similar result was reported by Kuriyan et al (2007).  This may be due to different 

rates of lipolysis in different depots of body fat during negative energy balance (Kuriyan et 

al., 2007). Another possibility may be an increase in lean muscle tissue parallel to fat loss 

with the increase in energy expenditure. Furthermore it may be attributed to the role of the 

pregnane glycosides, the main chemical component of C. fimbriata. Studies have shown that 

pregnane glycosides are involved in the inhibition of adipocyte proliferation, differentiation 

and maturation. A previous study has shown that C. fimbriata has the potential to prevent 

hyperplastic obesity in mice 3T3-L1 pre-adipocyte cell line samples (Akbarsha et al., 2010). 

It has also been demonstrated that C. fimbriata extract is capable of inhibiting adipocyte 

maturation (Akbarsha et al., 2010). Pregnane glycosides have been reported to inhibit pre-

adipocyte cell division in the early phase of adipogenesis by either down-regulation of cyclin-

dependent kinase (CDK) or inhibition of import cyclin D1-CDK/6 complex into the nucleus 

(Akbarsha et al., 2010).  Several other studies also found that adipocyte proliferation and 

differentiation in adipose tissue were inhibited by pregnane glycosides (De Leo et al., 2005, 

Plaza et al., 2005, Cioffi et al., 2006).  

 

Further research into the underlying mechanisms of C. fimbriata extract on central obesity 

reduction is needed. Measurement of body composition using Dual Energy X-ray 

Absorptiometry (DXA) and/or three dimensional whole body laser scanning would be able to 

provide information on muscle mass, segmental body fat content and distribution. In addition 

animal studies focusing on the expression of genes and enzymes associated with lipogenesis 
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and lipolysis would be useful in elucidating the particular role of C. fimbriata extract in 

central obesity reduction. 

 

A waist circumference indicative of central obesity is linked with a chronic inflammatory 

state, promoted by low-grade plasma increases in the adipocytokines including circulating 

leptin, TNF-α, PAI-1 and a reduction in adiponectin (Carr et al., 2004). C. fimbriata extract 

has been shown to significantly reduce leptin levels and inhibit leptin resistance in rat studies 

(Kamalakkannan et al., 2010). However, the present study did not show a significant 

reduction in leptin levels following 12-week C. fimbriata administration. Further human trials 

of a longer intervention period investigating the effect of C. fimbriata supplementation on 

adipocytokines are warranted considering the promising results reported in rat models.   

 

In our study, WHR was significantly reduced following supplementation of the C. fimbriata 

extract with a balanced dietary intake and physical activity level in the experimental group. 

Previous studies have shown that a smaller WHR is associated with a reduced risk of 

developing impaired glucose metabolism, type 2 diabetes, CVD (Rocha et al., 2008) and also 

an improvement in blood lipid profile (Seidell et al., 2001). In addition a smaller WHR is 

associated with a lower risk of metabolic syndrome disturbances, including lower triglyceride 

and glucose levels, increased HDL-cholesterol (Snijder et al., 2004a, Snijder et al., 2004b) 

and lower BP (Snijder et al., 2004a).  

 

The improvement in triglyceride levels and systolic BP, and the reduction in anthropometric 

parameters including, body weight and BMI in both experimental and placebo groups in the 

present study could possibly be attributed to a combination of controlled dietary intake, 

healthy dietary choices and exercise. Previous studies have shown that participation in 
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structured exercise programs reduces the prevalence of metabolic syndrome (Santos et al., 

2007). Moderate exercise is beneficial in modifying components of metabolic syndrome, 

including promoting loss of central fat accumulation, increasing muscle mass (Santos et al., 

2007), improved insulin sensitivity (Pratley et al., 2000), reduced BP (Stewart, 2002), 

increased HDL cholesterol and lower triglyceride levels (Lutsey et al., 2008, Yuliana et al., 

2011, Whelton, 1996). It should be noted that all data on physical activity in the current study 

were based on self-reported information. Lack of monitoring on this was considered a 

limitation.  

 

Both placebo and experimental groups showed a significant reduction in the intake of total fat 

and saturated fat after 12 weeks intervention. In addition we also observed an increasing 

trend in the consumption of whole grains, fruit and vegetables. Healthy dietary patterns high 

in whole grains, fruit, vegetables and low in saturated fat are fundamental recommendations 

for metabolic syndrome (Lutsey et al., 2008). The increase in the consumption of whole 

grains in this study may have contributed to the significant reduction in systolic BP, BMI and 

triglyceride levels in both groups (Lutsey et al., 2008).  

 

Whole grain, fruit and vegetable intake is linked with a decline in hunger and an increase in 

satiation, which may in turn cause a voluntary reduction in energy intake (Kuriyan et al., 

2007). The human trial investigating the effect of C. fimbriata extract on obese Indians 

observed a significant decline in hunger, energy intake and less desirable foods including 

refined sugars, saturated fat, cholesterol and sweets after two months intervention (Kuriyan et 

al., 2007). In the present study no significant change in energy intake between the two groups 

was recorded over the intervention period although the placebo group showed a reduction in 

hunger and desire to eat at week 12. For the experimental group no marked change in all 
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elements of appetite sensations except palatability was observed. The reduction in the 

consumption of less desirable foods indicates that the reward circuitry in the brain may be 

interrupted by supplementation, therefore affecting feeding behaviour (Yuliana et al., 2011). 

This has been reported in other studies with medicinal plant supplementation, such as the 

alkaloid-rich Mitragyna speciosa (Thongpradichote et al., 1998). More investigations are 

needed to elucidate the underlying mechanisms of pregnane glycosides on feeding behaviour 

and appetite regulation.  

 

In the current study sodium intake in the experimental group was reduced after 12 weeks 

intervention. The significant reduction in the palatability of the test meal in this group could 

be associated with the decline in sodium intake. There may have been a change in taste 

sensation in the experimental group, which possibly led to a decreasing trend in food 

consumption and a reduction in the desire of consuming salty food in the experimental group. 

It is well known that sodium intake is strongly linked to BP regulation with reductions in 

sodium intake being strongly associated with reductions in systolic BP (Grundy et al., 2005). 

Clinical trials have demonstrated that reduced salt intake lowers BP in participants at risk of 

metabolic syndrome (Whelton, 1996). The significant reduction in sodium intake and 

palatability of meal in the experimental group could have possibly contributed to the 

reduction in systolic BP. However, more investigations are needed to elucidate these effects 

of C. fimbriata extract on taste sensation, salt intake and BP.   

 

Further research into the underlying mechanisms of C. fimbriata extract on central obesity 

reduction is needed. In addition to what has been proposed in the previous paragraphs, further 

investigations on the effects of this supplement on inflammatory biomarkers in obese adults 

will also add to the understanding of the mechanisms behind the reduction in intra-abdominal 
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fat mass. Moreover, double blind randomised controlled clinical trials of a longer duration 

and of a larger sample size would also be useful to understand the efficacy of C. fimbriata 

extract on the long-term treatment of obesity and associated lifestyle related diseases.  

 

4.7 Conclusion 

The present study suggests that supplementation with C. fimbriata extract was associated 

with a clinically meaningful reduction in central adiposity. The controlled exercise 

recommendations and modifications to dietary intake were linked with favourable changes of 

metabolic risk factors and an improvement in general health and wellbeing in overweight and 

obese Australian adults. This study may hold therapeutic promise as an approach for the 

treatment of obesity and associated lifestyle related risk factors. 
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CHAPTER 5: STUDY 2 - METABOLIC EFFECTS OF CHRONIC 

ADMINISTRATION OF CARALLUMA FIMBRIATA EXTRACT IN RATS WITH 

DIET INDUCED OBESITY  

5.1 Abstract 

Objective: The prevalence of overweight and obesity has reached epidemic proportions 

worldwide. Prevention and management strategies of this common nutrition disorder are 

limited. Therefore the search for natural alternative therapies has become increasingly 

popular. However, the efficacy of many botanical extracts in the prevention and management 

of obesity is yet to be fully explored. Our previous human trial found that C. fimbriata extract 

is capable of reducing waist circumference in overweight and obese adults, therefore it would 

be of interest to further investigate the functional role of C. fimbriata administration on 

metabolic comorbidities in obese rodents. The aim of this study was to investigate the 

metabolic adaptations which occur in response to chronic administration of C. fimbriata 

extract in an animal model of diet induced obesity. 

Design: Male Wistar rats were assigned into four groups: Standard chow, high fat, standard 

chow + C. fimbriata or high fat + C. fimbriata. Following seven weeks of high fat diet to 

induce obesity, male Wistar rats were orally administered with 100 mg/kg BW (n = 10) or 

placebo (n = 10) for eight weeks while being maintained on either the high fat diet or 

standard chow diet.   

Results: There was no significant overall treatment effects observed in the C. fimbriata 

treated groups for food intake (p = 0.14), body composition (p > 0.05), systolic and diastolic 

blood pressure (p = 0.48, p = 0.43 respectively), lipid profile and insulin sensitivity and 

glucose tolerance (p > 0.05).  
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Conclusion: This study revealed that treatment with C. fimbriata extract in lean and obese 

rats does not have an effect on cardio-metabolic associated abnormalities. 

 

5.2 Introduction 

Excess visceral fat deposition in the abdominal cavity is a major risk factor for CVD, type 2 

diabetes and metabolic syndrome (Despres, 2007, Ibrahim, 2010). Obesity is a very common 

nutrition disorder and has become a global burden on the health care system, with the 

prevalence of overweight and obesity steadily increasing for the past 30 years. At present, the 

use of prescription drugs has modest clinical efficacy for obesity treatment, however these 

anti-obesity drugs are often associated with gastrointestinal, cardiovascular and central 

nervous system adverse effects (Pagotto et al., 2008). Therefore the quest for natural products 

that are safe and effective in aiding weight loss has been intensified.  

Owing to the adverse side effects of many anti-obesity drugs, more recent trials have focused 

on natural botanical sources that have been reported to reduce appetite and body composition 

parameters with minimal side effects. Many botanical extracts have been used for centuries in 

folk medicine to reduce obesity (Hasani-Ranjbar et al., 2013). However, the clinical efficacy 

and mechanism of action of many botanicals have not been well explored. Dietary strategies 

for the treatment of obesity have been mostly ineffective due to in part the feelings of hunger 

which undermine adherence to weight loss regimens (Mattes and Bormann, 2000). The 

identification of botanical extracts that promote satiety or that at least sustain satiety during 

energy restriction is highly in demand.    

C. fimbriata is a commonly known edible succulent plant native to India. Since the Vedic 

period, C. fimbriata has been used by Indian tribal people as an appetite suppressant (Dutt et 
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al., 2012). The hydroethanolic extract of this perennial plant is currently sold over the counter 

as a botanical supplement with potential anorectic properties. As shown in the previous 

chapter, our first human trial demonstrated the anti-obesity properties of C. fimbriata extract 

administration in overweight and obese adults (Astell et al., 2013a). Following this finding, it 

was evident that further investigations were required to better clarify the functional role of C. 

fimbriata in eliciting protective metabolic effects in the obese state.  In addition, it was 

observed in a previous study conducted by Kamalakkannan et al (2010) that C. fimbriata 

administration in rodents reduced appetite and prevented gains in body weight, liver weight 

and fat pads, as well as inhibited alterations in blood lipid profile, leptin levels and prevented 

the development of atherosclerosis. The administration of C. fimbriata extract was designed 

as a preventive therapy in rats fed a cafeteria diet. Rats were administered C. fimbriata by 

gavage from day one at three different doses (25, 50 & 100 mg/kg BW) for 90 days. There 

have not been any animal studies to our knowledge that have investigated the effects of C. 

fimbriata extract on the treatment of all components of metabolic syndrome after inducing 

obesity, and with the promising anti-obesity properties observed in our previous human trial, 

the present study was undertaken to determine the effectiveness of C. fimbriata extract on the 

treatment of metabolic syndrome in obesity induced rats, by investigating its effects on organ 

weight, liver histology, body composition, appetite, cholesterol and triglyceride levels, 

diabetes risk and hypertension.  

 

5.3 Materials and Methods 

5.3.1 Animals and housing 

The Animal Ethics Committee of the Howard Florey Institute, University of Melbourne 

approved the experimental protocol (AEC 11-037). The rats were housed in individual cages 
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and were provided with ad libitum of tap water and the group-specific rat diet. The animals 

were housed in an environmentally controlled laboratory with a seven day acclimatization 

period prior to commencement of the trial. The animal facility was maintained under stable 

conditions with a 12 hour light – 12 hour dark cycle (lights off at 19.00 hours), a constant 

temperature of 22 °C ± 2 °C and relative humidity of approximately 60 %.  

 

5.3.2 Experimental design 

Male Wistar rats (4 weeks old) were divided into four groups, with 10 rats in each group (n = 

40). For randomisation, rats were allocated into four groups based on their body weight and 

usual food intake. The study was over a 15 week period: the initial seven weeks to induce 

obesity and the following eight weeks for C. fimbriata extract treatment. For the first seven 

weeks, rats were fed either the standard pellet chow diet (n = 20) or high fat diet (n = 20). 

Please refer to Table 3.7 (3.5.1 Body weight and food consumption) for the macronutrient 

breakdown of the standard chow and high fat diets. It was expected by seven weeks that rats 

fed the high fat diet would present with obesity (Buettner et al., 2007). For the following 

eight weeks, rats received no supplement or a daily dose of C. fimbriata extract of 100 mg/kg 

BW per day (powder form mixed with a peanut butter vehicle). A previous study also used 

this dose (Kamalakkannan et al., 2010). The two groups receiving no supplement i.e. only 

standard chow (n = 10) or high fat (n = 10) diets were given the peanut butter only.  

 

5.3.3 Metabolic measurements 

Food intake and body weight were recorded daily throughout the study (Refer to section 

3.5.1). Abdominal circumference (AC) was assessed post-intervention in anaesthetized rats 
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(section 3.5.2). Whole body composition (fat mass, lean mass, free water and total body 

water) was determined by using the EchoMRI-900 body composition analyser at baseline, 

midway and at the end of the supplementation period (section 3.5.2). Blood pressure (section 

3.5.3), 24-hour urine collection (section 3.5.4), sodium excretion (section 3.5.5), insulin 

sensitivity (section 3.5.6) and glucose tolerance (section 3.5.7) were measured at baseline and 

at the end of the supplementation period. At time of death, rats were anaesthetised and 

abdominal adipose tissue and liver was dissected and weighed. Rats were euthanized 

following cardiac puncture. A 10 mL blood sample was collected for the analysis of plasma 

glucose, triglycerides and total cholesterol (as outlined in section 3.6). 

 

5.3.4 Histopathological examination 

Hepatic tissue samples were fixed in 10 % neutral-buffered formalin (NBF) and embedded in 

paraffin and standard serial sections were cut using a microtome. Hepatic tissue samples were 

stained with haematoxylin and eosin according to a standard protocol (Ross and Pawlina, 

2011)  and examined with an optical microscopy (As outlined in section 3.8.2). 

 

5.3.5 Liver lipid content 

Three grams of hepatic tissue was cut finely and put into bottles containing 50 mL of 

chloroform: methanol (2:1) and approximately 10 mg/L butylated hydroxytoluene and were 

kept in the cool room overnight for lipid extraction. Lipid extraction was performed 

according to the Folch procedure (Folch et al., 1957). The solvent containing lipids was 

evaporated under vacuum in a rotary evaporation (Heidolph VV 2000, waterbath type WB 
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2000, Schwabach, Germany). The lipid content was determined gravimetrically (Su et al., 

2004) (as outlined in section 3.8.1).  

 

5.4 Statistical analysis 

All data were expressed as mean ± SEM and statistical analysis was performed using the 

SPSS package, version 21 (SPSS, Chicago, IL, USA). One-way ANOVA was used to 

measure significant differences between groups at one time point for plasma analysis, liver 

lipid content, organ weight and abdominal circumference and where the main effect was 

significant, means were compared with Tukeys Post Hoc test. For all other data, mixed model 

ANOVA was used to analyse the effects of the intervention, time, and the interaction between 

the intervention and time with pairwise comparisons (adjusted for multiple comparisons by 

Bonferroni’s post-hoc test). When the interaction and/or the main effects were significant, 

means were compared using Tukey’s multiple comparison post hoc test. Statistical 

significance was set as p <0.05.   

 

5.5 Results 

Feeding behavior was monitored on a daily basis in the test animals over the intervention 

period. There was a significant time effect observed in average food intake from baseline 

(week 7) to post-intervention (week 15) (p = 0.03). However, there was no significant 

interaction for food intake observed (p = 0.14) (Figure 5.1).  
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Figure 5.1: The effect of C. fimbriata extract on food intake. STD CHOW , standard chow; HF , 

high fat; STD + CFE  , standard chow plus C. fimbriata extract; HF + CFE  , high fat + C. fimbriata 

extract. Values are means (n 10), with their standard errors represented by vertical bars. Statistical analysis was 

performed using mixed model ANOVA. 

Post-intervention a blood sample was collected for the analysis of plasma total cholesterol, 

plasma triglycerides, and plasma glucose. There was a significant difference between groups 

for post-intervention total cholesterol levels (p = 0.004) and triglycerides (p = 0.001) (Table 

5.1).  There was no significant difference between groups for plasma glucose (p = 0.07). The 

STD CHOW + CFE had a significantly lower total cholesterol level compared to all other 

groups (p<0.05). Both standard chow groups had a significantly lower triglyceride level and 

liver lipid content compared to both high fat diet groups (p <0.05).  
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Table 5.1: Post-intervention plasma analysis and liver lipid content 

Variable 
 Standard 

chow 
High fat   

Standard chow 

+ C. fimbriata   

 High fat + 

 C. fimbriata 
P value 

Plasma glucose 

(mmol/L) 
11.55 ± 0.48 14.93 ± 2.10 12.05 ± 0.94 16.26 ± 1.56 0.07 

Total 

cholesterol 

(mmol/L) 

1.52 ± 0.07
b 

1.54 ± 0.10
b 

1.05 ± 0.07
a 

1.58 ± 0.11
b 

0.0004 

Triglycerides 

(mmol/L) 
1.61 ± 0.18

b 
2.75 ± 0.42

a 
1.47 ± 0.12

b 
2.59 ± 0.22

a 
0.001 

Liver lipid 

content (g) 
5.16 ± 0.29

b 
6.99 ± 0.50

a 
5.21 ± 0.19

b 
6.43 ± 0.48

a 
0.008 

Values are means (n 10), with their standard errors. Statistical analysis was performed using one-way ANOVA. 

a,b
 Mean values within a row with unlike superscript letters were significantly different (P<0.05). 

Pre-intervention and post-intervention blood pressure was monitored via the tail cuff method. 

There were no significant differences between groups for systolic and diastolic blood 

pressure (p >0.05) (Table 5.2). Urine samples were also collected to measure urine volume. 

There was a significant time effect for urine volume, with a mean increase of 6.8 mL (p = 

0.01). However, there was no significant difference between groups for urine volume (p = 

0.45) or plasma sodium excretion (p = 0.67).  
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Table 5.2 Blood pressure recordings, urine volume and sodium excretion 

Variable 

Baseline Week 15 Baseline Week 15 Baseline Week 15 Baseline Week 15 

P value 
 Standard chow High fat Standard chow + C. fimbriata   High fat + C. fimbriata 

Systolic BP 

(mmHg) 
134.38 ± 7.33 124.0 ± 7.14 123.25 ± 6.36 127.84 ± 3.97 135.58 ± 7.51 132.13 ± 5.21 132.62 ± 3.28 123.42 ± 5.76 

Group 0.70 

Time 0.33 

Interaction 0.48 

Diastolic 

BP (mmHg) 
100.26 ± 5.76 89.45 ± 11.66 89.94 ± 5.99 92.67 ± 3.70 89.93 ± 4.14 94.44 ± 7.46 97.04 ± 3.96 86.22 ± 4.40 

Group 0.95 

Time 0.44 

Interaction 0.43 

Urine 

volume 

(mL) 

12.10 ± 1.45 16.76 ± 3.0 11.47 ± 4.54 23.91 ± 4.79
 

11.31 ± 1.26 13.93 ± 2.65 11.75 ± 2.85 20.23 ± 4.53
 

Group 0.57 

Time 0.01 

Interaction 0.45 

Sodium 

Excretion 

(mmol/L) 

56.37 ± 7.27 65.76 ± 6.19 62.18 ± 11.52 82.19 ± 4.54
 

64.59 ± 6.80 64.01 ± 13.61 68.52 ± 4.56 84.03 ± 9.11
 

Group 0.34 

Time 0.09 

Interaction 0.67 

 

Values are means (n 10), with their standard errors. Statistical analysis was performed using mixed model ANOVA.  
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The effect of C. fimbriata extract on body composition of rodents including abdominal 

circumference, body weight, total body fat %, total body lean mass and organ weight was 

measured (Figure 5.2 & 5.3). There was a significant difference between groups for liver 

weight (p = 0.01) and kidney weight (p = 0.008). Both STD CHOW groups had a 

significantly smaller liver compared to the HF + CFE group (p < 0.05). Also, both STD 

CHOW groups had a significantly larger kidney compared to the HF + CFE group (p <0.05). 

There was a significant difference between groups for perirenal fat (p = 0.003) and 

epididymal fat (p = 0.05). Both high fat groups had a significantly greater amount of perirenal 

and epididymal fat compared to the STD CHOW groups (p <0.05).  
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Figure 5.2 a - d: The effect of C. fimbriata extract on organ weight and fat pad mass. STD CHOW  , 

standard chow; HF  , high fat; STD + CFE , standard chow plus C. fimbriata extract; HF + CFE  

, high fat + C. fimbriata extract; WAT, white adipose tissue. Values are means (n 10), with their standard 
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errors represented by vertical bars. Statistical analysis was performed using one-way ANOVA. 
a,b

 Mean values 

within a column with unlike superscript letters were significantly different (P<0.05). 

There was a significant difference observed between groups for abdominal circumference (p 

= 0.02) (Figure 5.3 a). The STD CHOW + CFE had a significantly smaller abdominal 

circumference compared to the high fat group (p = 0.01). There was a significant time effect 

for body weight (mean gain of 126.52 g) (p = 0.0001), total body fat percentage (Mean 

increase of 5.66 %) (p = 0.0001) and total body lean mass (Mean decrease of 4.52 %) (p = 

0.0001). However, there were no significant interactions (time* group) observed for body 

weight (p = 0.07), total body fat percentage (p = 0.32) and total body lean mass (p = 0.30).  
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Figure 5.3 a - d: The effect of C. fimbriata on body composition. STD CHOW , standard chow; HF 

 , high fat; STD + CFE  , standard chow plus C. fimbriata extract; HF + CFE  , high fat + C. 
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fimbriata extract. Values are means (n 10), with their standard errors represented by vertical bars. Statistical 

analysis was performed using one-way ANOVA for abdominal circumference & mixed model ANOVA for 

body weight, body fat & lean mass.  
a,b

 Mean values within a column with unlike superscript letters were 

significantly different (P<0.05). 

 

At baseline and post intervention glucose tolerance and insulin sensitivity were measured and 

expressed as area under the curve (AUC) (Figure 5.4 & 5.5). A time by group interaction was 

observed for glucose AUC (p = 0.01). The HF group had a significantly higher glucose AUC 

than both STD CHOW groups (p = 0.001) and the HF + CFE tended to have an improved 

glucose metabolism compared to the HF group (p = 0.08). While for the insulin sensitivity 

AUC, there was only a significant time effect observed (p = 0.001) (Figure 5.5).  
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Figure 5.4 a - b: The effect of C. fimbriata on glucose metabolism AUC. STD CHOW , standard chow; 

HF  , high fat; STD + CFE  , standard chow plus C. fimbriata extract; HF + CFE , high fat + C. 

fimbriata extract. Values are means (n 10), with their standard errors represented by vertical bars. Columns with 

different letters indicate significant differences (p <0.05). Statistical analysis was performed using mixed model 

ANOVA. 
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Figure 5.5 a - b: The effect of C. fimbriata on insulin sensitivity AUC. STD CHOW , 

standard chow; HF , high fat; STD + CFE , standard chow plus C. fimbriata extract; 

HF + CFE , high fat + C. fimbriata extract. Values are means (n 10), with their standard 

errors represented by vertical bars. Columns with different letters indicate significant 

differences (p <0.05). Statistical analysis was performed using mixed model ANOVA. 

 

The effect of C. fimbriata extract on hepatic histology was assessed at post-intervention. 

Histological examination of the H & E stained liver showed increased hepatic lipid 

deposition in the high fat groups (Figure 5.6 C, D) compared to the STD CHOW groups 

(Figure 5.6 A, B). The histological examination of the H & E stained STD CHOW and STD 

+ CFE liver sections showed normal architecture and hepatocytes (Figure 5.6 A, B).  
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Figure 5.6: Histological analysis of liver tissue stained with hematoxylin and eosin (x400) showing the 

various degrees of lipid droplet formation in all of the four groups. Representative microphotographs of H & E 

stained sections of liver tissue from STD CHOW; standard chow (A), STD CHOW + CFE; standard chow + C. 

fimbriata (B) and HF + CFE; High fat + C. fimbriata (C). HF; high fat (D), arrows pointing to lipid droplets 

marked as (L). 

 

5.6 Discussion: 

The regulation of food intake is achieved via complex mechanisms which aim to maintain 

body weight relatively constant over long periods. Appetite regulates the body’s desire for 

food through a complex biological process designed to satisfy the body’s need for energy and 

macronutrients (Beckman et al., 2005).  Therefore appetite plays an imperative role in the 

A B 

C D 
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regulation of body weight control, and notably obese individuals have been shown to have 

increased appetite and eating disorders (Spitzer et al., 1993). Thus measures to reduce hunger 

and increase satiation in overweight and obese individuals through appetite regulation could 

help in preventing further weight gain and enhance weight regulation.  

It was hypothesised that C. fimbriata extract would reduce appetite, thereby decreasing feed 

intake. However, the current study did not observe a treatment effect on food intake, which 

was also the case in our human trial (Astell et al., 2013a). This result was also evident in a 

study evaluating the safety of C. fimbriata extract in rats (Odendaal et al., 2013a). Odendaal 

et al (2013) measured the treatment related toxicity of C. fimbriata extract over a six month 

period at three doses of 100, 300 & 1000 mg/kg BW. Interestingly, there was no effect on 

food intake or body weight during the intervention period (Odendaal et al., 2013a). The 

current literature on the use of C. fimbriata as an effective appetite suppressant is 

inconsistent. Contrary to the findings reported in this study, previous animal trials that have 

found a significant effect of C. fimbriata administration on hunger levels and food intake 

(Komarnytsky et al., 2013, Kamalakkannan et al., 2010). It is thought that C. fimbriata 

extract may reduce food intake through multiple mechanisms. Appetite control as reflected in 

the decline in food intake may occur at the hypothalamic level, where the key phytochemical 

ingredient, pregnane glycosides found in C. fimbriata are known to act (MacLean and Luo, 

2004).  The mechanism behind the reduction in food intake through the action of pregnane 

glycosides was recently investigated by Komarnytsky et al (2013). The authors found that 

following administration of an Asclepias incarnata L. extract (which is rich in pregnane 

glycosides) at 25-100 mg/kg BW daily, there was a significant reduction in food intake and 

body weight gain in rodents which was linked with an increase in gastric accommodation and 

delay of gastric emptying (Komarnytsky et al., 2013). The proximal stomach produces low-
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frequency, continuous contractions that create a pressure gradient from the stomach to the 

small intestine and is therefore accountable for gastric emptying. This propagation of gastric 

motility comes about from smooth muscle cells assimilating multiple hormonal, chemical and 

neural signals, the latter signals originating mainly from the enteric nervous system 

(Cummings and Overduin, 2007).  A comparable set of indicators involving the delayed 

liquid gastric emptying, relaxation of the proximal stomach, and faster small intestinal transit 

has been reported before in individuals for serotonin receptor agonist MKC-733 (Coleman et 

al., 2003) and metformin (Cubeddu et al., 2000). Specifically in obese individuals, the speed 

of gastric emptying is vital in food intake regulation and glucose homeostasis, (Tosetti et al., 

1996). Accordingly, reducing the speed of gastric emptying decreases food intake via 

prolongation of a vagal nerve-mediated satiety reflex (Berthoud, 2008). However, the precise 

mechanism of action on how pregnane glycosides affect gastric emptying needs further 

investigation (Komarnytsky et al., 2013). 

 

Komarnytsky et al (2013) also revealed that the effects of treatment with ikemagenin, the 

major milkweed pregnane glycoside is also promptly transmitted to central tissues namely the 

hypothalamus, in which the expression of orexigenic and anorexic neuropeptides become 

affected. Ikemagenin triggered a decline in hypothalamic agouti-related protein (AgRP) 

mRNA levels (0.6-fold) and caused a rise in the brain-derived neurotropic factor (BDNF) 

mRNA levels without causing an effect on pro-opiomelanocortin (POMC) and cocaine and 

amphetamine-regulated transcript (CART) mRNA. Hypothalamic BDNF is a neuronal 

survival, differentiation and plasticity factor known to serve as a vital constituent of central 

neural circuits required for the regulation of energy homeostasis. On the other hand, AgRP is 

a fundamental part of the melanocortin system involved in energy balance and food intake 

regulation and has antagonistic effects on melanocortin three and four receptors that trigger 
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an ongoing increase in food consumption (Cone et al., 2001). Collectively, the major findings 

reported by Komarnytsky et al (2013) support the multimodal effects of pregnane glycosides 

on food intake regulation which may be mediated by hypothalamic neuropeptides 

(Komarnytsky et al., 2013), in addition to effects on gastric motility. 

There are also other theories put forward as to how the pregnane glycosides reduce appetite. 

It is thought that the C. fimbriata extract may down-regulate ghrelin synthesis in the stomach 

and neuropeptide-Y in the hypothalamus, resulting in appetite suppression (Shibasaki et al., 

1993, Walter et al., 1994, Hulsey et al., 1995, Gardiner et al., 2005). A treatment effect of 

reducing food intake has also been observed in human studies (Kuriyan et al., 2007). Kuriyan 

et al (2007) reported that following supplementation with C. fimbriata extract (1g/day) in 

overweight human participants for 2 months, there was a significant reduction in hunger 

levels and energy intake compared to placebo (Kuriyan et al., 2007). Although in this study, 

there was no significant difference between groups for body weight, BMI, hip circumference, 

and percentage body fat which is consistent with our findings of no treatment effect in body 

weight or percentage body fat. In contrast, other animal studies have observed a significant 

reduction in body weight gain in obese rodents treated with C. fimbriata extract 

(Kamalakkannan et al., 2010, Ambadasu et al., 2013b, Ambadasu et al., 2013a, Sudhakara et 

al., 2014).  The prevention in fat accumulation observed in animal studies is thought to 

involve several mechanisms. The pregnane glycosides are believed to elicit anorectic 

properties by blocking the activity of citrate lyase enzyme, resulting in the inhibition of fatty 

acid biosynthesis. Moreover, it also blocks the formation of malonyl-coenzyme A, thus 

enhancing stored fatty acid oxidation, which is similar to the mechanism of Garcinia 

Cambogia (Soni et al., 2004). 
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Another mechanism behind the prevention of hyperplasic obesity observed in previous 

studies is through the inhibition of adipocyte proliferation and differentiation in adipose 

tissue by the pregnane glycosides (De Leo et al., 2005, Plaza et al., 2005, Cioffi et al., 2006).  

However, due to the inconsistencies in current trials as to whether C. fimbriata is capable of 

reducing body weight as well as suppressing appetite for body weight maintenance, future 

studies are required to confirm the anorectic properties of C. fimbriata extract. Investigations 

could focus on establishing a higher dose or a range of doses required to achieve a significant 

change in both body weight and appetite, in addition to investigating the underlying 

synergistic mechanisms proposed to cause these beneficial effects. 

It has been demonstrated in previous studies that C. fimbriata extract is capable of reducing 

waist circumference independent of body weight in randomised controlled human clinical 

trials (Kuriyan et al., 2007, Astell et al., 2013a). The authors stated that it was unclear as to 

why the waist circumference specifically declined independent of body weight. It was 

hypothesised that fat in different regions of the body have different rates of lipolysis during 

negative energy balance or fasting (Monzon et al., 2002). For example, under lipolytic stimuli 

with noradrenaline, subcutaneous fat in the anterior abdominal wall has different rates of 

lipolysis when compared to whole body lipolytic rates (Kurpad et al., 1994). In the present 

study, there was no significant treatment effect on abdominal circumference or adipose tissue, 

including perirenal and epididymal fat pads. However, this finding is inconsistent with the 

previous animal study by Kamalakkannane et al (2010). Morphometric analyses of fat pads 

revealed a significant decline in perirenal, epididymal and mesenteric fat pads in the C. 

fimbriata extract treated rats (Kamalakkannan et al., 2010). Excess central adiposity around 

the waist line (deep subcutaneous and visceral adiposity) in overweight or obese individuals 

is associated with an increased risk of cardio-metabolic disease (Pouliot et al., 1994, Kissebah 
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et al., 1982) and is a major component used in the diagnosis of metabolic syndrome 

(Cameron et al., 2007). It would have been useful to have collected other visceral adipose 

tissue such as omental adipose tissue or subcutaneous adipose weights in both studies to 

further assess the reported antiobesogenic properties of C. fimbriata extract.  

 

There is a close relationship between central obesity, metabolic syndrome and NAFLD, with 

the majority of NAFLD patients presenting with many metabolic syndrome components 

(Marchesini et al., 2001). It has been reported in a 90 day oral toxicity study that 

administration of C. fimbriata extract did not show any evidence of treatment related hepatic 

abnormalities (Odendaal et al., 2013a), which was also the case in the current study. A 

previous study conducted by Latha et al (2014) found that following administration of C. 

fimbriata extract in diabetic induced rats that there was significant recovery of liver 

destruction compared to the control group. Latha et al (2014) also observed a reduction in 

Alkaline phosphatase (ALP) in the C. fimbriata treated group, which emphasises the 

hepatoprotective effects of C. fimbriata through its stability of biliary function against the 

damage caused by streptatozocin induced diabetes.  

Furthermore, in support of these findings, administration of Caralluma edulis in diabetic 

rodents has been found to significantly reduce lipid peroxidase in hepatic tissue as compared 

to diabetic control rats (Sayantan and Abhishek, 2012). Insulin resistance increases the 

activity of the enzymes which initiate oxidation of fatty acids which results in lipid 

peroxidation (Sayantan and Abhishek, 2012). Increased lipid peroxidation impairs membrane 

functions by decreasing membrane fluidity that leads to cell injury and damage (Sayantan and 

Abhishek, 2012). The lipid peroxidation scavenging activity observed in Caralluma edulis 
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treated rats may be associated with the hepatic protective action observed in C. fimbriata 

extract treated rats.  

In addition to the histological observations in the liver following C. fimbriata treatment, our 

study did not find any treatment effect for liver lipid content or total cholesterol and 

triglycerides. Human clinical trials investigating the efficacy of C. fimbriata also failed to 

demonstrate lipid lowering effects following supplementation of C. fimbriata in overweight 

and obese adults compared to control (Kuriyan et al., 2007, Astell et al., 2013a). Differing 

results have been observed in previous animal studies which showed a significant 

improvement in lipid profile in cafeteria fed rats treated with C. fimbriata extract 

(Kamalakkannan et al., 2010, Ambadasu et al., 2013a, Ambadasu et al., 2013b, Somnath et 

al., 2012, Jagtap et al., 2013, Latha et al., 2014). Due to the conflicting findings observed in 

human and animal studies, further investigations into the effect of C. fimbriata extract on 

hyperlipidemia is warranted.  

Hyperlipidemia is a well-recognized consequence of type 2 diabetes (Wadood et al., 1989). 

Diabetes induced hyperlipidemia is associated with an accumulated mobilisation of fat in 

adipose tissue due to underutilization of glucose (Momo et al., 2006). Studies have 

demonstrated that in diabetic rodents, the rise in blood glucose levels is accompanied by 

elevated total cholesterol, triglycerides, LDL-cholesterol and a reduction in HDL-cholesterol. 

Oral administration of C. fimbriata extract has been shown to normalize the rise in blood 

glucose as well as an improvement in lipid profile in other animal studies (Sudhakara et al., 

2014, Jagtap et al., 2013).  It has been previously demonstrated that C. fimbriata 

administration prevented hyperglycemia, partially prevented hyperinsulinemia and 

significantly reduced plasma glucose levels (Sudhakara et al., 2014). 
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In the present study, the HF + CFE tended to have an improved glucose metabolism 

compared to the HF group, although not statistically significant (p = 0.08).  Two other animal 

studies have observed a significant reduction in plasma glucose in C. fimbriata treated 

diabetic induced rodents (Somnath et al., 2012, Jagtap et al., 2013). The mechanism of 

hypoglycemic activity of C. fimbriata is yet to be determined. However, as C. fimbriata 

contains many chemical constituents including pregnane glycosides, flavonoids, 

megastigmane glycosides, bitter principles and saponins, it is not surprising that any of these 

secondary metabolites singly or in combination could be responsible for the hypoglycemic 

activity. A possible mechanism by which this botanical extract may decrease blood glucose is 

through either stimulating pancreatic secretion of insulin from β-cells of islets of Langerhans 

or via enhancing utilization of glucose in muscle and inhibiting glucose output in the liver. 

The proposed anti-diabetic mechanism of C. fimbriata is similar to that of Caralluma edulis 

extract (Sayantan and Abhishek, 2012), Calocybe indicia (Paramasivam and 

Shanmugasundaram, 2013), Helianthus annuus (Shivani S and Sunil, 2013), Swertia 

chirayita Andrographis paniculata (Vinod et al., 2013), and Xanthosoma sagittifolium 

(Shajeela et al., 2013).  

There is also a strong relationship between insulin resistance, visceral adiposity and 

hypertension (Bloomgarden, 2002).  According to the Framingham study, risk estimates show 

that approximately 80 % of hypertension in men and 65 % in women can be attributed to 

obesity (Garrison et al., 1987). Furthermore, low adiponectin levels seen in obese individuals 

are associated with the development of insulin resistance and can lead to vascular changes 

thereby providing a background into hypertension (Fesus et al., 2007). The present study is 

the first animal model to measure systolic and diastolic blood pressure to investigate the 

effect of C. fimbriata extract on hypertension in rats with diet induced obesity.  
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Our study failed to demonstrate that C. fimbriata is capable of improving blood pressure in 

rats with diet induced obesity. We hypothesised that C. fimbriata would have a positive effect 

on blood pressure due to the flavonoids present in the botanical extract (Salvamani et al., 

2014). It has been shown in previous studies that plant extracts rich in flavonoids may be 

potential natural angiotensin converting enzyme (ACE) inhibitors (Balasuriya and 

Rupasinghe, 2012).  Currently, there are an increasing number of experimental and 

epidemiological studies that have demonstrated a correlation between supplements rich in 

flavonoids and the protection against CVD and atherosclerosis. Furthermore, flavonoids 

inhibit lipid peroxidation, platelet aggregation and the activity of enzyme systems, which 

include cyclooxygenase and lipoxygenase. The biological mechanisms involved in the 

modulation of vascular function and blood pressure by the flavonoids is linked with the 

action of nitric oxide. The renin-angiotensin system is regulated in endothelial cells which 

may involve the control of nitric oxide production.  ACE (enzyme that plays a critical role in 

the regulation of renin-angiotensin system) is a zinc-containing peptidyl dipeptide hydrolase 

(Strittmatter and Snyder, 1986). There are three known parts to the active site of ACE: a 

pocket that accommodates a hydrophobic side chain of C-terminal amino acid residues; a 

carboxylate binding functionality for instance the guanidinium group of arginine; and finally 

a zinc ion that coordinates to the carbonyl of the penultimate peptide bond of the substrate, 

which results in the carbonyl group becoming polarized and is therefore exposed to a 

nucleophilic attack (Loizzo et al., 2007). Thus, it may be suggested that some flavonoids 

elicit in vitro activity through the formation of chelate complexes found in the active centre 

of ACE. Due to the established inhibitory activities of flavonoids observed in other botanical 

extracts is it of importance to investigate the potential inhibitory activity to clarify if C. 

fimbriata extract has potential anti-hypertensive properties. The Caralluma species is well 

known for its antioxidant properties, with potent radical and lipid peroxide scavenging 
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activity (Tatiya et al., 2010). This potential anti-oxidative property of C. fimbriata may 

provide a new target for the management of hypertension. However, further research needs to 

be undertaken on the role of C. fimbriata rich in flavonoids through investigating the 

potential effects on vascular structure, endothelial function and oxidative status in 

hypertensive and normotensive rodents. An alternative method of measuring blood pressure 

could also be adopted such as implantable radio telemetry. This method measures direct 

chronic continuous blood pressure via implantable radio telemetry devices (Huetteman and 

Bogie, 2009).  

 

5.7 Conclusion: 

Overall the evidence presented in this study and previous work on C. fimbriata extract as an 

appetite suppressant and weight management aid is inconsistent. The results of this study 

have shown that C. fimbriata extract does not effectively reduce the major components of 

metabolic syndrome including excess central adiposity, hypertension, insulin resistance and 

hyperlipidemia. Further studies are needed to better clarify the underlying mechanisms that 

are involved in eliciting potential beneficial effects of C. fimbriata extract in the pathogenesis 

of metabolic and cardiovascular disorders.   
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CHAPTER 6: EFFECTS OF CARALLUMA FIMBRIATA AND CITRUS SINENSIS 

SUPPLEMENTATION ON OBESITY, METABOLIC SYNDROME AND 

ATHEROSCLEROSIS INDICES IN OVERWEIGHT AND OBESE SUBJECTS: A 

RANDOMISED, DOUBLE BLIND, PLACEBO CONTROLLED TRIAL 

 

6.1 Abstract 

Objective: Visceral adiposity is a major component of the metabolic syndrome and is 

associated with other cardio-metabolic diseases including type 2 diabetes and CVD. 

Currently there is a lack of evidence to support the use of natural botanical supplements for 

the management and treatment of metabolic and cardiovascular disorders. Therefore the aim 

of this study was to investigate the efficacy of two natural botanical supplements namely, 

Caralluma fimbriata extract and Citrus sinensis extract (Moro variety) for the alleviation of 

risk factors associated with metabolic and cardiovascular risk factors in overweight and obese 

Australian adults.  

Design: This was a randomised, double blind placebo controlled clinical trial. Participants 

were randomly assigned into four groups which included: Group 1 – C. fimbriata (1g/day) 

plus C. sinensis (500 mg/day), Group 2 – C. fimbriata (1g/day), Group 3 – C. sinensis (500 

mg/day) and Group 4 – Placebo (100 % maltodextrin). The eligibility criteria for the study 

included: a BMI greater than 25 kg/m
2
 or a waist circumference > 94 cm (male), > 80 cm 

(female). Ninety participants aged between 20-60 years were recruited and randomized for 

the trial, however only 59 completed the 12-week study conducted at Victoria University. In 

addition to supplementation, participants were provided with fortnightly nutrition advice, but 

were asked to maintain their usual physical activities during the intervention period. 

Results: The results of 59 participants (Mean age: 46.6 years; 19 males, 40 females; BMI: 

34.3 kg/m2) were analysed (Placebo, n = 13; C. fimbriata, n = 16; C. sinensis, n = 16; C. 
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fimbriata plus C. sinensis, n = 14). A significant time effect was observed in waist 

circumference (p = 0.001) (mean reduction of 2.6 cm), hip circumference (p = 0.001) (mean 

reduction of 2.4 cm), BMI (p = 0.001) (mean reduction of 0.70 kg/m
2
), and percentage body 

fat (p = 0.02) (mean reduction of 1.82%) from baseline to week 12 in each group. Also, there 

was a significant time effect (p <0.05) in the FFQ data for energy, total fat, saturated fat, 

polyunsaturated fat, monounsaturated fat, protein, carbohydrate, fibre, sugar, and salt (p < 

0.05). Furthermore, there was a significant time effect for all blood lipid profile parameters 

including Total cholesterol (p = 0.001), LDL cholesterol (p = 0.001), HDL cholesterol (p = 

0.001), triglycerides (p = 0.001), HDL: LDL ratio (p = 0.001), atherogenic index (p = 0.001), 

cholesterol: HDL ratio (p = 0.001) and plasma CRP levels (p = 0.01). However, there was no 

treatment effect observed for all data on body composition, dietary intake, cardiovascular 

parameters, appetite sensations and lipid profile (p > 0.05).  

Conclusion: This study has demonstrated that supplementation with C. fimbriata extract 

and/or C. sinensis extract in addition to a healthy diet were not effective in improving health 

outcomes. Following the hypocaloric diet significantly improved body composition 

parameters, reduced energy intake and significantly altered the lipid profile.  Therefore the 

therapeutic use of these botanical extracts to effectively manage metabolic and cardiovascular 

disorders is not convincing.  

Name of trial registry: Australian and New Zealand Clinical Trials Registry 

Registration number: ACTRN12613000272796 
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6.2 Introduction 

According to the World Health Organization, at least 2.8 million people die each year due to 

being overweight or obese, in addition to an estimated 35.8 million of global disability-

adjusted life years (DALYs) are a result of being overweight or obese (World Health 

Organisation., 2015). Overweight or obesity has led to an increase in the development of 

metabolic syndrome risk factors including insulin resistance, high cholesterol and 

triglycerides and high blood pressure. Excess body fat particularly central adiposity is a major 

risk factor for cardiovascular disease, type 2 diabetes, musculoskeletal conditions and some 

cancers (Haslam and James, 2005).  According to the Australian Bureau of Statistics, the age-

adjusted prevalence of overweight and obesity in Australian adults was 63.4 % (35 % 

overweight; 28.3 % obese) in 2011-2012 respectively (World Health Organisation., 2015). 

Thus coping with obesity is an important public health issue in Australian adults. Various 

factors that contribute to the rise in obesity prevalence include: genetic, behavioural, 

environmental, physiological, social and cultural factors which leads to energy imbalance, 

whilst promoting excess body fat accumulation (National Health and Medical Research 

Council., 2013). Therefore, appropriate interventions in the form of weight reduction, 

modifications in dietary habits, promoting physical activity and overall wellbeing are needed 

in the prevention and onset of overweight and obesity, as well as their related 

noncommunicable diseases in order to reduce the burden of disease at the global, regional 

and local level.    

 

The use of plant extracts may have a potential therapeutic role in the prevention and 

management of obesity and associated metabolic abnormalities (Hasani-Ranjbar et al., 2013). 

Traditional health care systems such as herbal medicine are now widespread in developed 
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countries. Furthermore, the approach in trying to combat obesity has been influenced by a 

growing interest in complementary and alternative medicine. Due to the increase in the 

market status of these plant extracts for the management and treatment of obesity and 

associated metabolic conditions, research has intensified in this field with the focus on the 

chemical constituents of these bioactive crude extracts.  

 

C. fimbriata extract is a succulent shrub that belongs to the Apocynaceae family under the 

subfamily Asclepiadoideae (Milkweed family).  The plant is a tender succulent that is 

endemic to India, Pakistan, the Canary Islands, Arabia, southern Europe, Sri Lanka and 

Afghanistan and flourishes in the wild. C. fimbriata is the most prevalent of the Caralluma 

genus and it is planted as a roadside shrub and boundary marker in gardens in Andhra 

Pradesh, Karnataka, and Tamil Nadu of India and grows wild in urban centres (Kuriyan et al., 

2007). Traditionally, the edible wild succulent has been used for many centuries in native 

Indian diets with claims in folklore of hunger suppressing activity. The key phytochemical 

ingredients in C. fimbriata include pregnane glycosides, saponin glycosides, flavonoids and 

bitter principles. The appetite suppressing properties of C. fimbriata could be attributed to the 

pregnane glycosides, which are a rich source in the Caralluma species (Komarnytsky et al., 

2013). There have only been two randomised controlled trials (RCTs) conducted on the 

efficacy of C. fimbriata extract on its appetite suppressing and metabolic effects. Kuriyan et 

al (2007) demonstrated that oral administration of C. fimbriata extract for two months 

significantly reduced appetite and waist circumference. In chapter five of this thesis (pilot 

study) we reported a significant decline in waist circumference after 12-weeks of C. fimbriata 

treatment which is in support of the findings by Kuriyan et al (2007). These preliminary data 

suggest that further studies are needed to better clarify the potential therapeutic benefits of C. 
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fimbriata extract on obesity and the metabolic abnormalities associated with this prevalent 

condition.  

 

Another botanical extract used for the treatment of obesity is known as Citrus sinensis 

extract. The Moro variety is thought to have originated from Sicily and is said to be the most 

colourful of the red orange varieties. The orange has a deep red flesh, with the intense red to 

purple pigment making the fruit more attractive. The red colouration of the fruit is due to the 

presence of anthocyanins (flavonoid). Anthocyanins are polyphenolic compounds that have 

been associated with the amelioration of insulin resistance and obesity in rodents (Tsuda et 

al., 2003, Jayaprakasam et al., 2006, Titta et al., 2010). Anthocyanins have been reported to 

act as antioxidants (Lo scalzo, 2004) through the reduction in oxidative stress (Shih et al., 

2007), in addition to blocking inflammation through normalizing adipocytokine expression 

and have been shown to exert anti-tumour activities (Guo et al., 2008).  In humans, 

administration of C. sinensis extract has been found to reduce inflammatory markers 

(Buscemi et al., 2012), biomarkers of oxidative stress (Bonina et al., 2005) and improve body 

mass index (Dallas et al., 2008).  However, the efficacy of C. sinensis extract on metabolic 

syndrome has yet to be explored. Therefore, in view of the beneficial metabolic effects of C. 

fimbriata extract observed in the previous studies and the promising anti-obesity and anti-

inflammatory effects of C. sinensis extract, it is of interest to evaluate the joint administration 

of these two supplements on obesity, metabolic syndrome and atherosclerotic indices in 

overweight and obese Australian adults. 
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6.3 Materials and Methods  

6.3.1 Experimental design, participant recruitment and randomisation  

This study was a randomized, double-blinded, placebo controlled trial, involving 59 human 

volunteers, between the ages of 20 and 60 years, with a mean age of 47. The complete study 

group involved 19 males and 40 females. Recruitment of participants and eligibility criteria 

are described in section 3.1. The final number of participants in each group are as follows: 

Placebo (Group 4) (n = 13; 9 females, 4 males), C. fimbriata (Group 2) (n = 16; 12 females, 4 

males), C. sinensis (Group 3) (n = 16; 10 females, 6 males), and C. fimbriata + C. sinensis 

(Group 1) (n = 14; 9 females, 5 males). For randomisation, participants were coded and 

allocated into four groups based on their physical characteristics including age, body weight, 

height, BMI, waist and hip circumference and WHR. Further details of the randomisation 

process are presented in section 3.1.  

 

The study was approved by the Human Research Ethics Committee of Victoria University, 

Australia (HRETH 12/264) and registered by ANZCTR. At the beginning of the study all 

eligible volunteers were informed about the details of the study including that they would be 

randomly assigned into one of the four groups. Formal consent was obtained from all 

participants. 
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Figure 6.1: The study flow diagram of the progress of the four phases of the study which include: 

enrolment, intervention allocation, follow-up and data analysis. 
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6.3.2 Administration of botanical extracts 

The test articles were administered as two equally divided doses (in capsule form) 30 minutes 

before two meals each day for 12 weeks. The administration of the test supplements is 

presented in Table 6.1. Further details on the administration, dosage and monitoring of 

ingestion of capsules is outlined in section 3.1.1 

 

Table 6.1: Group assignment, administration and dosage of test articles  

Group Administration Dose 

Group 1 

C. fimbriata + C. sinensis 

Two capsules orally administered 

30 minutes before meals twice 

daily 

1 g C. fimbriata + 

500 mg C. sinensis 

Group 2 

C. fimbriata 

1 g C. fimbriata 

Group 3 

C. sinensis 

500 mg C. sinensis 

Group 4 

Placebo 

100 % maltodextrin 

 

 

6.3.3 Outcome measures 

Participants were asked to attend the Victoria University Nutrition Clinic, Melbourne, 

Australia for fortnightly nutrition consultations. During the intervention period dietary intake 

and exercise were controlled. Participants were asked to maintain their usual participation in 

physical activities during the trial period. Physical activity was monitored by providing 

volunteers with a physical activity calendar and a physical activity questionnaire (long, self- 

administered IPAQ) was provided at baseline and post intervention (as outlined in section 

3.2.4).  Dietary intake was monitored through 3-day food diaries submitted monthly and a 

food frequency questionnaire (DQESV2) was completed at baseline and post intervention (as 

outlined in section 3.2.4). The participants also followed a hypocaloric diet during the 
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intervention period (deficit of approximately 500kcal/day of estimated energy requirements). 

Anthropometric measurements including body weight, height, waist and hip circumference, 

waist to hip ratio (refer to section 3.2.1), as well as blood pressure and heart rate were taken 

during each nutrition consultation (section 3.2.2). Appetite sensations and hunger were 

assessed via the visual analogue scales method at baseline and post intervention (as outlines 

in section 3.2.3). Body composition (percentage body fat) was measured using the 3D laser 

scanner at baseline and post intervention (as outlined in section 3.2.1). At baseline and at the 

end of the trial period, biochemical parameters including blood lipid profile, CRP, leptin, 

atherogenic index of plasma, insulin and ghrelin levels were analysed, as outlined in section 

3.3 of this thesis.  

 

6.4 Statistical Analysis: 

All data were presented as the mean and standard error and were analysed using SPSS 

package, version 22 (SPSS, Chicago, IL, USA). Target sample size was calculated to include 

a minimum of 13 participants per group to detect significant differences in appetite, one of 

the main measured outcomes with 90 % power (using the mean change of 25 and standard 

deviation of 20), based on the previous findings of Kuriyan et al (2007). One way ANOVA 

was performed to compare all baseline data between groups. Mixed model ANOVA was used 

to analyse the effects of the intervention, time, and the interaction between the intervention 

and time with pairwise comparisons (adjusted for multiple comparisons by Bonferroni’s post-

hoc test). When the interaction and/or the main effects were significant, means were 

compared using Tukey’s multiple comparison post hoc test. The significant level was set as p 

<0.05. The precision of the primary and secondary outcomes for each group were calculated 

using 95 % confidence intervals.  
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6.5 Results: 

6.5.1 Study participants 

There were 109 volunteers screened for enrolment into the study, with only six volunteers 

excluded and 13 volunteers who declined to participate. A total of 90 volunteers were 

randomized into four groups to receive supplemental treatments or placebo. The data analysis 

was completed for 14 participants in group 1, 16 participants in groups 2 & 3, and a total of 

13 participants in group 4 (Figure 6.1). In addition, there was no breach of the blinding 

process identified throughout the intervention period. 

6.5.2 Participant characteristics 

Baseline general characteristics of participants that completed the study are shown in Table 

6.2. There were no significant differences recorded in the baseline characteristics such as age 

(p = 1.0), body weight (p = 1.0), body mass index (p = 0.99), waist circumference (p = 0.95), 

hip circumference (p = 0.97) and waist to hip ratio (p = 0.82) between all groups.  

Table 6.2: Baseline physical characteristics of participants 

Variable C. fimbriata  

+ C. sinensis 

(n = 14) 

C. fimbriata 

(n = 16) 

 C. sinensis 

(n = 16) 

 Placebo 

(n = 13) 

P value 

Age (yrs) 46.2 ± 3.40 47.1 ± 2.60 46.6 ± 3.10 46.5 ± 2.17 1.0 

Body weight (kg) 97.53 ± 6.17 98.56 ± 5.98 97.22 ± 6.29 99.2 ± 7.94 1.0 

Body mass index 

(kg/m
2
) 

34.76 ± 2.14 34.43 ± 1.50 33.95 ± 1.77 34.08 ± 2.22 0.99 

Waist circumference 

(cm) 

108.91 ± 4.35 111.30 ± 4.67 109.06 ± 3.65 107.67 ± 5.38 0.95 

Hip circumference 

(cm) 

116.66 ± 4.27 116.86 ± 2.99 118.5 ± 3.55 116.17 ± 4.44 0.97 

Waist to hip ratio 0.94 ± 0.03 0.99 ± 0.02 0.95 ± 0.01 0.93 ± 0.03 0.82 

 

Values are expressed as mean ± SEM, n = number of participants, yrs = years, kg = kilograms, kg/m
2 

= 

kilograms per meters squared, cm = centimetres. There were no significant differences between groups for all 

baseline variables (p >0.05).  
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6.5.3 Anthropometric parameters 

Baseline and post-intervention anthropometric parameters including body weight, BMI, waist 

circumference, hip circumference, WHR & percentage body fat are presented in Table 6.3. A 

significant time effect was observed in waist circumference (p = 0.001) (mean reduction of 

2.6 cm), hip circumference (p = 0.001) (mean reduction of 2.4 cm), BMI (p = 0.001) (mean 

reduction of 0.70 kg/m
2
), and percentage body fat (p = 0.02) (mean reduction of 1.82%) from 

baseline to week 12 in each group. There were no significant differences between groups for 

all anthropometric variables. 

 

6.5.4 Cardiovascular parameters 

The cardiovascular parameters including heart rate, systolic and diastolic blood pressure are 

presented in Table 6.4. There were no significant differences between groups in systolic BP 

and diastolic BP (p >0.05). There was a significant time effect (p <0.05) in heart rate from 

baseline to week 12, with a mean increase of 5.87 beats/minute.  

 

6.5.5 Dietary assessment 

Food intake was assessed by multiple methods including 3-day food diaries, FFQs and via the 

VAS method. Significant findings were observed in the food frequency questionnaire data 

which is presented in Table 6.6. There was a significant time effect (p <0.05) in the FFQ data 

for energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat, protein, 

carbohydrate, fibre, sugar, and salt. There were significant interactions between group and 

time for carbohydrate intake and polyunsaturated fat intake (p = 0.05 and p = 0.02 
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respectively), however there were no significant between group differences. In addition, there 

were no significant differences observed for all food intake data assessed via 3-day food diary 

records (p >0.05). 

Food & energy consumption of the test breakfast and satiety quotient (SQ) for the degree of 

hunger at baseline and post intervention is presented in Table 6.7. No significant differences 

were observed for all food and energy consumption of the test breakfast and satiety quotient 

(p >0.05). Ratings of appetite and mood states after the test breakfast at baseline & post-

intervention are presented in Figure 6.2 a - n. Overall, no significant differences were 

observed for all ratings of appetite and mood states following the test breakfast (p >0.05).  

 

6.5.6 Lipid & carbohydrate metabolism parameters 

The biochemical parameters (blood lipid profile, atherogenic index and plasma levels of 

CRP, insulin, blood glucose, HOMA, leptin and ghrelin) are presented in Table 6.8 and 6.9. 

There was a significant time effect for all blood lipid profile parameters including total 

cholesterol (p = 0.001), LDL cholesterol (p = 0.001), HDL cholesterol (p = 0.001), 

triglycerides (p = 0.001), HDL:LDL ratio (p = 0.001), atherogenic index (p = 0.001), 

cholesterol:HDL ratio (p = 0.001) and plasma CRP levels (p = 0.01). There were also 

significant interactions for total cholesterol (p = 0.001), LDL cholesterol (p = 0.001), leptin 

(p = 0.04), LDL: HDL ratio (p = 0.001), CRP (p = 0.001) and cholesterol: HDL ratio (p = 

0.001). Total cholesterol, LDL cholesterol, LDL/HDL ratio & cholesterol/HDL ratio was 

significantly lower in the placebo group compared to all other groups (p < 0.05). HDL 

cholesterol was significantly lower in the C. fimbriata group compared to all other groups (p 

< 0.05).  There were no significant treatment effects observed for lipid and carbohydrate 

metabolism parameters.  



 

158 

 

6.5.7 Physical activity assessment 

The self-reported physical activity on the International physical activity questionnaire by 

domain is presented in Table 6.10. There was a significant interaction for total domestic and 

garden MET-mins/week (p = 0.01). The self-reported physical activity on the International 

physical activity questionnaire: Total scores for all walking, moderate & vigorous physical 

activities, total physical activity score, total sitting score & classification of physical activity 

score is presented in Table 6.11. There was a significant interaction for total walking 

MET/mins/week (p = 0.03). It was also found that there was a significant time effect 

observed for total sitting and average sitting mins/week (p = 0.02). There were no significant 

differences between groups for all physical activity measurements.
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Table 6.3: Anthropometric data before and after treatment 

Variable 

Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 
 C. fimbriata + C. sinensis  C. fimbriata  C. sinensis  Placebo 

BW (kg) 97.53 ± 6.17 96.2 ± 6.24 98.56 ± 5.98 95.88 ± 5.84
 

97.22 ± 6.29 96.02 ± 6.37 99.2 ± 7.94 96.61 ± 0.83
 

Group 1.0 

Time 0.00 

Interaction 0.27 

BMI 

(kg/m
2
) 

34.76 ± 2.14 34.20 ± 0.31 34.43 ± 1.50 33.50 ± 1.47
 

33.95 ± 1.77 33.53 ± 1.81 34.08 ± 2.22 33.19 ± 0.28
 

Group 0.99 

Time 0.00 

Interaction 0.33 

WC (cm) 108.91 ± 4.35 107.57 ± 4.35 111.30 ± 4.67 107.84 ± 4.26
 

109.06 ± 3.65 106.03 ± 4.22
 

107.67 ± 5.38 105.27 ± 5.11 

Group 0.97 

Time 0.00 

Interaction 0.55 

HC (cm) 116.66 ± 4.27 114.71 ± 4.38 116.86 ± 2.99 114.69 ± 2.98 118.5 ± 3.55 114.47 ± 3.21
 

116.17 ± 4.44 114.92 ± 4.59 

Group 1.0 

Time 0.00 

Interaction 0.24 

WHR 0.94 ± 0.03 0.96 ± 0.04 0.99 ± 0.02 0.99 ± 0.02 0.95 ± 0.01 0.97 ± 0.03 0.93 ± 0.03 0.94 ± 0.04 

Group 0.89 

Time 0.77 

Interaction 0.70 

BF (%) 45.20 ± 4.21 43.37 ± 4.18 43.66 ± 3.48 40.46 ± 2.94 41.96 ± 2.60 41.68 ± 2.73 42.0 ± 3.41 40.0 ± 3.76 

Group 0.54 

Time 0.02 

Interaction 0.54 

 

Values are expressed as mean ± SEM. BW = body weight, BMI = Body mass index, WC = waist circumference, HC = hip circumference, WHR = waist to hip ratio, BF = 3-

dimentional body fat. 
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Table 6.4: Physiological parameters at baseline and post-intervention 

Variable 

Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 

C. fimbriata + C. sinensis  C. fimbriata  C. sinensis  Placebo 

Systolic BP 

(mmHg) 
132.36 ± 4.24 132.39 ± 3.78 133.94 ±3.65  127.38 ±3.75 130.91 ± 5.30 133.0 ± 5.63 129.50 ± 5.18 130.23 ± 4.19 

Group 0.97 

Time 0.61 

Interaction 0.32 

Diastolic 

BP 

(mmHg) 

84.11 ± 2.80 79.82 ± 2.43 84.08 ± 2.75 80.56 ± 12.21 81.03 ± 2.79 81.0 ± 2.98 79.46 ± 3.38 80.62 ± 2.07 

Group 0.93 

Time 0.20 

Interaction 0.39 

Heart rate 

(beats/min) 
68.21 ± 3.22 76.21 ± 4.28

 
69.25 ± 3.38 75.31 ± 2.65 69.07 ±2.61 76.81 ± 3.34

 
71.50 ± 3.68 73.15 ± 2.94 

Group 1.0 

Time 0.00 

Interaction 0.49 

 

Values are expressed as mean ± SEM. BP = Blood pressure, mmHg = Millilitre of mercury, min = minute.   
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Table 6.5: Food intake assessment (3-day food diary) at baseline and post-intervention 

Variable 
Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 
C. fimbriata + C. sinensis C. fimbriata  C. sinensis  Placebo 

Energy 

(kJ/day) 

7985.99 ± 

518.89 
7215.53 ± 624.12 7814.50 ± 473.91 7013.63 ± 425.87 7065.54 ± 430.76 6820.04 ± 562.61 

8950.63 ± 

1443.48 

7716.73 ± 

773.44 

Group 0.33 

Time 0.10 

Interaction 0.89 

Protein 

(g/day) 
94.34 ± 7.36 87.21 ± 9.98 101.12 ± 7.77 97.44 ± 4.76 82.69 ± 6.18 95.89 ± 4.75 120.07 ± 23.00 91.72 ± 10.14 

Group 0.35 

Time 0.32 

Interaction 0.18 

Fat 

(g/day) 
82.37 ± 7.60 68.50 ± 7.86 66.16 ± 5.15 58.78 ± 6.35 57.19 ± 4.74 63.41 ± 4.29 89.19 ± 22.66 67.31 ± 9.37 

Group 0.21 

Time 0.17 

Interaction 0.47 

Sat fat 

(g/day) 
27.90 ± 2.45 25.48 ± 3.40 26.94 ± 3.25 20.97 ± 2.21 20.39 ± 1.57 22.03 ± 2.06 37.72 ± 14.56 25.48 ± 3.92 

Group 0.41 

Time 0.25 

Interaction 0.45 

CHO 

(g/day) 
170.13 ± 10.81 170.0 ± 12.87 202.28 ± 14.12 175.92 ± 12.28 193.88 ± 12.11 177.58 ± 12.69 194.73 ± 16.62 199.48 ± 17.76 

Group 0.37 

Time 0.19 

Interaction 0.41 

Sugar 

(g/day) 
67.11 ± 5.24 71.26 ± 4.92 93.90 ± 8.66 81.08 ± 8.01 83.31 ± 7.94 69.02 ± 6.24 82.30 ± 9.11 76.39 ± 7.02 

Group 0.13 

Time 0.07 

Interaction 0.33 

Alcohol 

(g/day) 
10.91 ± 4.44 5.76 ± 3.08 0.49 ± 0.48 2.83 ± 2.08 4.26 ± 2.18 1.49 ± 0.90 4.31 ± 2.24 4.18 ± 1.71 

Group 0.13 

Time 0.26 

Interaction 0.19 

Fibre 

(g/day) 
21.57 ± 1.79 21.77 21.73 ± 2.45 19.62 ± 1.02 21.43 ± 1.06 25.67 ± 1.94 19.38 ± 2.05 24.88 ± 2.27 

Group 0.61 

Time 0.14 

Interaction 0.11 

Salt 

(mg/day) 

2631.21 ± 

365.89 
2316.76 ± 231.47 2044.02 ± 136.20 1954.06 ± 166.72 2167.49 ± 176.81 2437.94 ± 224.08 

2968.22 ± 

570.42 

2401.52 ± 

328.02 

Group 0.29 

Time 0.36 

Interaction 0.40 

Values are expressed as mean ± SEM. kJ = kilojoules, g = grams, mg = milligrams, sat fat = saturated fat, CHO = carbohydrate.   
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Table 6.6: Nutrient intakes from Food Frequency Questionnaire at baseline & post-intervention 

Variable 
Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 
C. fimbriata + C. sinensis C. fimbriata C. sinensis Placebo 

Energy (kJ/day) 
10837.43 ± 

2869.15 

6494.61 ± 

694.71
 

10260.20 ± 

1651.90  

6656.23 ± 

715.57
 

8421.64 ± 

843.30 

5403.30 ± 

427.85 

6751.24 ± 

826.13 

7524.36 ± 

1233.53 

Group 0.61 

Time 0.00 

Interaction 0.07 

Protein (g/day) 133.35 ± 34.71 85.16 ± 7.85
 

118.41 ± 23.16 86.05 ± 10.29 95.83 ± 7.95 71.34 ± 6.04 80.12 ± 9.66 87.35 ± 15.93 

Group 0.48 

Time 0.01 

Interaction 0.21 

Fat (g/day) 116.74 ± 34.82 63.15 ± 7.81
 

109.36 ± 18.45 63.89 ± 7.71
 

87.49 ± 9.96 50.20 ± 4.69 68.81 ± 9.25 74.57 ± 11.96 

Group 0.59 

Time 0.00 

Interaction 0.09 

Sat fat (g/day) 47.53 ± 15.04 24.05 ± 3.02
 

42.83 ± 7.57 23.68 ± 3.10
 

33.33 ± 3.36 18.16 ± 1.66 28.36 ± 4.70 28.74 ± 5.26 

Group 0.55 

Time 0.00 

Interaction 0.15 

Poly fat (g/day) 16.22 ± 4.12 9.61 ± 1.48
 

17.14 ± 2.90 10.94 ± 1.20
 

14.51 ± 2.23 8.57 ± 1.14
 

9.75 ± 1.23 11.71 ± 2.0 

Group 0.66 

Time 0.00 

Interaction 0.02 

Mono fat (g/day) 43.17 ± 13.23 23.66 ± 2.83
 

39.90 ± 7.04 23.47 ± 2.96
 

32.19 ± 4.08 18.79 ± 1.92 24.65 ± 3.33 27.23 ± 4.27 

Group 0.59 

Time 0.00 

Interaction 0.10 

CHO (g/day) 254.56 ± 61.34 162.29 ± 19.66
 

251.74 ± 37.54 169.32 ± 17.86
 

212.74 ± 22.55 139.08 ± 10.83 170.29 ± 22.23 195.55 ± 32.81 

Group 0.73 

Time 0.00 

Interaction 0.05 

Sugar (g/day) 104.20 ± 22.76 78.14 ± 8.62 105.87 ± 12.79 81.25 ± 7.43 85.42 ± 8.35 64.32 ± 4.91 77.82 ± 10.77 78.08 ± 7.35 

Group 0.41 

Time 0.01 

Interaction 0.43 

Fibre (g/day) 25.91 ± 5.99 20.77 ± 2.86 24.19 ± 3.49 19.27 ± 1.82 23.03 ± 2.34 18.56 ± 1.59 20.05 ± 2.20 22.71 ± 3.19 

Group 0.93 

Time 0.02 

Interaction 0.12 

Salt (mg/day) 3484.17 ± 865.60 
2076.65 ± 

226.33
 

3281.99 ± 

626.77 

2154.40 ± 

301.06 

2867.65 ± 

304.30 

1835.39 ± 

175.95 

2158.39 ± 

311.05 

2508.05 ± 

528.53 

Group 0.79 

Time 0.00 

Interaction 0.06 

Values are expressed as mean ± SEM. kJ = kilojoules, g = grams, mg = milligrams, sat fat = saturated fat, mono fat = monounsaturated fat, poly fat = polyunsaturated fat.  
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Table 6.7: Food & energy consumption of test breakfast and satiety quotient (SQ) for the degree of hunger at baseline and post intervention 

Variable 

Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 

 C. fimbriata + C. sinensis  C. fimbriata  C. sinensis  Placebo 

Total food 

consumption 

(g) 

657.21 ± 45.98 698.89 ± 84.84 676.90 ± 78.16 649.63 ± 91.54 934.91 ± 89.70 729.34 ± 85.45 
735.72 ± 

83.94 

677.89 ± 

103.32 

Group 0.32 

Time 0.16 

Interaction 0.23 

Total energy 

consumption 

(kJ) 

2390.39 ± 212.33 
2143.32 ± 

265.23 
2512.81 ± 172.60 

2102.79 ± 

192.36 

2656.07 ± 

294.84 
2275.41 ± 261.96 

2637.63 ± 

372.72 

2546.56 ± 

449.64 

Group 0.74 

Time 0.09 

Interaction 0.78 

Time taken 

to eat (mins) 
12.86 ± 0.99 15.07 ± 1.37 15.81 ± 1.69 14.13 ± 1.72 16.50 ± 1.38 14.44 ± 1.48 15.92 ± 5.02 13.92 ± 1.22 

Group 0.82 

Time 0.34 

Interaction 0.31 

SQ for 

degree of 

Hunger 

(mm/kcal) 

4.51 ± 1.07 5.24 ± 2.23 4.23 ± 1.09 5.47 ± 1.56 7.36 ± 1.03 5.68 ± 1.55 4.85 ± 1.64 1.91 ± 2.01 

Group 0.37 

Time 0.49 

Interaction 0.37 

 

Values are expressed as mean ± SEM, kJ = kilojoules, g = grams, mins = minutes, SQ = satiety quotient, mm/kcal = milligrams per kilocalorie. 
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Figure 6.2 a -n: Ratings of appetite and mood states after two identical breakfast test meals at baseline & 

post-intervention. ● Group 1 (grey); ■ Group 2 (orange); ▲Group 3 (blue); ▼Group 4 (purple); (a, c, e, g, i, k, 

m) Baseline; (b, d, f, h, j, l, n) Post-intervention. Anchor points for ratings: (a, b) not hungry – hungry; (c, d) not 

full – full; (e, f) not nauseous – nauseous, (g, h) not drowsy – drowsy, (i, j) Calm – Anxious; (k, l) weak – 

strong; (m, n) none – a large amount. Values are expressed as mean ± SEM. mm = millimetres. No significant 

differences were observed for all ratings of appetite and mood states following the test breakfast (p >0.05). 
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Table 6.8: Plasma glucose and blood lipid profile at baseline and post-intervention 

Variable Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 

  C. fimbriata + C. sinensis  C. fimbriata  C. sinensis  Placebo 

Fasting blood 

glucose (mmol/L) 
5.37 ± 0.26 5.02 ± 0.29 5.62 ± 0.39 5.21 ± 0.53 5.13 ± 0.38 4.96 ± 0.35 5.04 ± 0.22 5.40 ± 0.25 

Group 0.91 

Time 0.35 

Interaction 0.34 

Triglycerides 

(mmol/L) 
0.81 ± 0.12 0.91 ± 0.12 0.53 ± 0.10 0.91 ± 0.13 0.60 ± 0.13 0.81 ± 0.08 0.50 ± 0.06 0.78 ± 0.09 

Group 0.56 

Time 0.00 

Interaction 0.20 

Total cholesterol 

(mmol/L) 
9.76 ± 0.63 3.98 ± 0.14

b 
7.46 ± 0.23 3.05 ± 0.08

b 9.21 ± 0.62 3.45 ± 0.18
b 

3.40 ± 0.44 2.50 ± 0.11
a 

Group 0.00 

Time 0.00 

Interaction 0.00 

HDL cholesterol 

(mmol/L) 
2.98 ± 0.15 1.92 ± 0.10

b 
1.71 ± 0.08 1.01 ±0.06

a 
2.34 ± 0.16 1.42 ± 0.10

b 
2.61 ± 0.13 1.70 ± 0.20

b 
Group 0.00 

Time 0.00 

Interaction 0.26 

LDL cholesterol 

(mmol/L) 
6.48 ± 0.57 1.73 0.18

b 
5.55 ± 0.19 1.70 ± 0.07

b 
6.65 ± 0.52 1.73 ± 0.24

b 
0.61 ± 0.4 0.51 ± 0.22

a 
Group 0.00 

Time 0.00 

Interaction 0.00 

LDL/HDL ratio 

(mmol/L) 
2.20 ± 0.20 0.96 ± 0.13

b 
3.32 ± 0.16 1.80 ± 0.13

b 
2.93 ± 0.28 1.49 ± 0.38

b 
0.23 ± 0.15 0.55 ± 0.23

a 
Group 0.00 

Time 0.00 

Interaction 0.00 

Atherogenic 

index (mmol/L) 
-0.63 ± 0.08 -0.36 ± 0.06 -0.60 ± 0.07 -0.09 ± 0.05 -0.74 ± 0.10 -0.27 ± 0.06 -0.77 ± 0.08 -0.40 ± 0.09 

Group 0.13 

Time 0.00 

Interaction 0.22 

Cholesterol/HDL 

(mmol/L) 
3.31 ± 0.19 2.14 ± 0.14

b 
4.43 ± 0.16 3.14 ± 0.15

b 
4.03 ±0.28 2.72 ± 0.39

b 
1.30 ± 0.14 1.75 ± 0.26

a 
Group 0.00 

Time 0.00 

Interaction 0.00 

 

Values are expressed as mean ± SEM. mmol/L = millimoles per litre, HDL = High density lipoprotein, LDL = low density lipoprotein. Values in the same row with different 

letters indicate significant differences (p<0.05). 
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Table 6.9: Insulin, HOMA and cytokine levels at baseline and post-intervention 

Variable 

Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 

C. fimbriata + C. sinensis C. fimbriata  C. sinensis  Placebo 

Insulin 

(mU/L) 
10.29 ± 1.52 6.82 ± 1.11 9.78 ± 1.55 10.70 ± 2.62 9.10 ± 1.90 7.42 ± 1.24 6.32 ± 1.86 6.08 ± 1.94 

Group 0.44 

Time 0.19 

Interaction 0.28 

HOMA 2.57 ± 0.48 1.59 ± 0.34 2.56 ± 0.44 3.24 ± 1.38 1.97 ± 0.36 1.76 ± 0.36 1.42 ± 0.45 1.46 ± 0.49 

Group 0.38 

Time 0.77 

Interaction 0.49 

Leptin 

(ng/mL) 
42.86 ± 9.12 46.65 31.02 ± 6.36  32.35 ± 5.30 45.86 ± 9.14 54.09 ± 10.07 46.49 ± 8.85 34.74 ± 8.87 

Group 0.27 

Time 0.34 

Interaction 0.04 

Ghrelin 

(pg/mL) 
680.32 ± 43.75 726.58 692.78 ± 54.51 644.51 ± 51.36 700.02 ± 72.17 632.60 ± 49.70 681.44 ± 52.58 696.28 ± 61.43 

Group 0.86 

Time 0.83 

Interaction 0.52 

CRP 

(ng/mL) 
3.85 ±0.57 2.10 ± 0.43 2.00 ± 0.34 2.07 ±0.29 1.88 ± 0.40 1.50 ± 0.37 2.17 ± 0.54 2.25 ± 0.64 

Group 0.41 

Time 0.00 

Interaction 0.00 

 

Values are expressed as mean ± SEM. mU/L = milliunits per litre, HOMA = homeostatic model assessment, ng/mL = nanogram per millilitre, pg/mL = pictogram per 

millilitre, CRP = C-reactive protein.  
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Table 6.10: Self-reported physical activity on the International physical activity questionnaire by domain  

Variable 

Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 

 C. fimbriata + C. sinensis  C. fimbriata  C. sinensis  Placebo 

Total work    

MET-

mins/week 

1320 ± 856 3045 ± 1155 4828 ± 3033 2871 ± 1866 1883 ± 790 2739 ± 943 2298 ± 1322 2234 ± 992 

Group 0.81 

Time 0.85 

Interaction 0.32 

Total 

transport 

MET-

mins/week 

518 ± 193 553 ± 145 426 ± 147 774 ± 392 549 ± 214 380 ± 79 145 ± 105 564 ± 211 

Group 0.76 

Time 0.25 

Interaction 0.38 

Total domestic 

& garden 

MET-

mins/week 

922 ± 334 761 ± 241 1891 ± 477 1399 ± 389 936 ± 257 1106 ± 327 848 ± 165 2465 ± 654
 

Group 0.17 

Time 0.18 

Interaction 0.01 

Total leisure-

time MET-

mins/week 

661 ± 190 607 ± 186 683 ± 327 697 ± 204 819 ± 205 867 ± 220 743 ± 352 1156 ± 363 

Group 0.75 

Time 0.46 

Interaction 0.68 

 

Values are expressed as mean ± SEM, MET = the metabolic equivalent of task, mins = minutes. 
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Table 6.11: Self-reported physical activity on the International physical activity questionnaire: Total scores for all walking, moderate & vigorous physical activities, 

total physical activity score, total sitting score & classification of physical activity score. 

Variable 

Baseline Week 12 Baseline Week 12 Baseline Week 12 Baseline Week 12 

P value 

 C. fimbriata + C. sinensis  C. fimbriata  C. sinensis  Placebo 

Total 

walking 

MET-

mins/week 

896 ± 258 1615 ± 380 2050 ± 956 1376 ± 789 1703 ± 508 1120 ± 250 1179 ± 550 1901 ± 634 

Group 0.95 

Time 0.83 

Interaction 0.03 

Total 

moderate 

MET-

mins/week 

1288 ± 368 1677 ± 411 2811 ± 674 2765 ± 932 1722 ± 433 3017 ± 977 1863 ± 729 3477 ± 857 

Group 0.38 

Time 0.08 

Interaction 0.53 

Total 

vigorous 

MET-

mins/week 

1237 ± 840 1674 ± 866 2968 ± 1643 1600 ± 973 763 ± 257 955 ± 395 991 ± 477 1040 ± 443  

Group 0.55 

Time 0.68 

Interaction 0.38 

Total PA 

MET-

mins/week 

3421 ± 1106 4966 ± 1335 7829 ± 3047 5741 ± 2314 4187 ± 887 5092 ± 1230 4033 ± 1319 6418 ± 1345 

Group 0.67 

Time 0.39 

Interaction 0.21 

Sitting total 

mins/week 
2284 ± 241 2252 ± 295 2893 ± 373 2627 ± 447 2288 ± 283 1777 ± 234 2769 ± 307 2199 ± 292 

Group 0.30 

Time 0.02 

Interaction 0.56 

Average 

sitting total 

mins/day 

326 ± 34 322 ± 42 413.30 ± 53.28 375.27 ± 63.89 326.79 ± 40.46 253.93 ± 33.39 395.60 ± 43.87 314.18 ± 41.70 

Group 0.30 

Time 0.02 

Interaction 0.56 

Categorical 

score (low: 

1/moderate: 

2 or high: 3) 

2 ± 0 3 ± 0 2 ± 0 2 ± 0 2 ± 0 2 ± 0 2 ± 0 3 ± 0
 

Group 0.98 

Time 0.07 

Interaction 0.08 

Values are expressed as mean ± SEM. MET = the metabolic equivalent of task, mins = minutes, PA = physical activity.  
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6.5.8 Intervention compliance and adverse events 

The overall compliance of the participants to the capsule ingestion in the combination 

supplemental group was 90.21 %; C. fimbriata group, 90.84 %; C. sinensis group, 84.37 %; 

and the placebo group, 75.73 %. There were no serious adverse events reported by 

participants in this study. The observed minor side effects reported in the combination 

supplemental group (C. fimbriata + C. sinensis) include: bloating (n = 1), gastric acidity (n = 

1), itchy skin (n = 2), skin rash (n = 2), abdominal pain (n = 1), constipation (n = 1), 

increased sweating (n = 1), dry scalp (n = 1). The minor side effects observed in the C. 

fimbriata group were: bloating (n = 2), gastric acidity (n = 1), frequent bowel movements (n 

= 1), dry skin (n = 1), itchy skin (n = 1), skin rash (n = 1), constipation (n = 1), diarrhoea (n = 

1). The observed minor side effects reported in the C. sinensis group include: irregular period 

(n = 1) and increased blood pressure (n = 1). The side effects observed in the placebo group 

were: bloating (n = 1), sensation in the chest (n = 1), constipation (n = 1), nausea (n = 1) and 

diarrhoea (n = 1).   
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6.6 Discussion 

In the present study, supplementation with C. fimbriata extract and/or C. sinensis extract in 

conjunction with a hypocaloric diet did not significantly affect weight loss or other 

anthropometric measures when compared to the placebo group. However a significant time 

effect was observed in the reduction of waist circumference, hip circumference, body weight 

and percentage body fat after the 12-week intervention period in all groups. Therefore it 

appears likely that the significant reductions in anthropometric measurements occurred due to 

the nutritional advice to follow a hypocaloric diet. It has been demonstrated that waist 

circumference is the best indicator of obesity in the clinical setting, as a larger waist 

circumference is more likely to be associated with an increased risk of metabolic related 

diseases (Bosello and Zamboni, 2000). A wealth of studies have established the relationship 

between abdominal fat distribution and the risk of metabolic syndrome (Li et al., 2012). In 

particular, an excess of visceral adiposity has been shown to be a predictor for the onset of 

many metabolic related conditions such as insulin resistance, type 2 diabetes, impaired 

glucose tolerance, dyslipidemia, hypertension and metabolic syndrome, and all of these 

metabolic conditions are associated with an increased risk of CVD (Li et al., 2012). A change 

in waist circumference ranging from 1.8 and 4.1 cm has been reported to be clinically 

relevant in individuals with a waistline between 60 – 135 cm (Verweij et al., 2013).  Since 

waist circumference is a useful indicator of visceral fat, the significant reduction in waist 

circumference observed in all groups in our study is of potential clinical importance.    

Nevertheless, further research that delves into the effect of C. fimbriata and C. sinensis 

extract on regional adipose tissue distribution and the relationship between visceral adiposity 

and the metabolic profile is needed. Clinical trials of a longer duration may also identify 

significant changes in body composition. The focus should be on the different abdominal fat 
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areas including abdominal visceral fat, abdominal subcutaneous fat, and total abdominal fat 

via CT-scan, as it is of importance considering the conflicting results in the current literature.  

 

The non-significant treatment effect of C. fimbriata extract on waist circumference is 

inconsistent with our previous human trial and other studies. Kuriyan et al (2007) identified a 

significant decline in waistline in the experimental group at the end of the 60 day intervention 

period. The non-significant treatment effect in waist circumference in the C. sinensis group is 

also inconsistent with previous studies following administration of similar formulas of red 

orange extract (Dallas et al., 2008, Dallas et al., 2014).  It has been postulated that reductions 

in waist circumference may be attributed to the presence of flavonoids in red oranges. Many 

studies have identified that flavonoids possess lipolytic activity through the inhibition of 

cAMP-phosphodiesterase and sustaining lipolysis-inducing cAMP levels (Kuppusamy and 

Das, 1992). Dallas et al (2008) demonstrated that SINETROL (combination of flavonoids and 

guarana) is a potent inhibitor of cAMP-phosphodiesterase activity.  

 

Furthermore, the mechanisms involved in the reduction of fat accumulation following Moro 

orange supplementation in previous studies may involve the anthocyanins that are abundant 

in the blood orange. The effect of Moro orange juice (combination of C. sinensis + Navelina, 

a blond orange) administration on fat accumulation was investigated in high fat fed mice by 

Titta et al (2010). It was observed that Moro anthocyanin-rich juice prevented body weight 

gain, fat development and inhibited high-fat diet induced obesity in mice (Titta et al., 2010). 

The authors stated that Moro juice appears to directly target the ability of adipocytes to 

accumulate fat. It was then revealed in a study by Tsuda et al (2006), that Moro juice is 
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capable of effectively counteracting the consequences of high fat diet-induced obesity on 

adipocyte gene expression. Tsuda et al (2006) found that the gene expression profile in 

human adipocytes treated with anthocyanins significantly changed the expression of 

adipocytokines including the up-regulation of adiponectin and the down regulation of PAI-1 

and IL-6. Additionally, lipid metabolism related genes comprising of uncoupling protein 2, 

acylCoA oxidase 1 and perilipin were found to be up-regulated following anthocyanin 

treatment. The authors concluded that the up-regulation of these genes may limit excess lipid 

accumulation in adipocytes (Tsuda et al., 2006).  

 

Another key association between an accumulation of fat mass and obesity related 

complications is an increase in oxidative status and a low-grade inflammatory state (Dallas et 

al., 2014). Several studies have established the link between a high level of inflammatory 

biomarkers such as CRP and obesity related comorbidities including CVD, diabetes, 

hypertension and atherosclerosis in overweight and obese individuals (de Ferranti and 

Mozaffarian, 2008, Nguyen et al., 2009). In our study, there was a significant time effect for 

the inflammatory biomarker, CRP. However this also appears to be due to the hypocaloric 

diet prescription followed. A preview study by Dallas et al (2014), showed a significant 

decrease in inflammatory biomarkers including CRP and fibrinogen levels following 

supplementation of Sinetrol-XPur, a combination extract of red orange, grape fruit, and 

orange. Furthermore, another study also demonstrated the anti-inflammatory activities 

associated with red orange juice intake (Buscemi et al., 2012). Buscemi et al (2012) found 

significant reductions in CRP concentration following red orange juice intake in a cross over 

study design. C-reactive protein concentrations were reported to be <2 mg/L in Buscemi’s 

study, which is associated with a 30 % reduction in the risk of cardiovascular events (Ridker 
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et al., 2005). Other inflammatory cytokines including IL-6 and TNF-α were also reduced in 

the study by Buscemi et al (2014). Therefore the reduction in inflammatory cytokines chiefly 

CRP may lessen inflammatory signalling with potentially positive effects on atherosclerotic 

progression (Wilson et al., 2007). The anti-inflammatory action of red oranges observed in 

human trials is in agreement with in vitro studies (Cardile et al., 2010). The anti-

inflammatory action of red oranges (in vitro) is mediated by a decrease in the expression of 

intracellular adhesion molecule 1, monocyte chemoattractant protein-1, and IL-8 in normal 

human keratinocites stimulated with c-interferon and histamine (Cardile et al., 2010).  

 

To the best of our knowledge, this is the first human trial to measure the effect of C. fimbriata 

extract on the inflammatory biomarker, CRP. It was hypothesised that C. fimbriata may cause 

a decrease in CRP levels due to the presence of phenolic compounds namely flavonoids or 

sterols/triterpenes. It has been postulated that the anti-inflammatory activity of C. fimbriata 

could be achieved through inhibition of cyclooxygenase, which is involved in the synthesis of 

inflammatory prostaglandins as it has been demonstrated that C. fimbriata contains 

flavonoids which are known to possess anti-inflammatory properties (Saivasanthi et al., 

2011).  

 

Chronic dyslipidemia is a major cause of atherosclerosis, a vascular condition affecting blood 

circulation in the central, coronary and peripheral arteries. CVD risk can be measured via 

blood lipid profile markers including LDL cholesterol, HDL cholesterol and atherogenic 

index. A significant reduction in these captured markers of CVD risk in humans may 

constitute as a way of measuring the efficacy of anti-dyslipidemic therapies (Manickam et al., 
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2011). In the present study, there was a significant reduction in total cholesterol and LDL 

cholesterol although unexpectedly HDL cholesterol also reduced and triglycerides increased 

in all groups. The decline in HDL cholesterol observed in all groups may be explained by the 

significant reduction in mono and polyunsaturated fats. Moreover, the significant reduction in 

total cholesterol is an imperative and modifiable risk factor for CHD. A sustained decrease in 

total cholesterol of 1 % is linked with a 2-3 % decline in the incidence of CHD (Law et al., 

1994).  It should also be noted that the significantly lower concentration of total cholesterol 

and triglyceride level observed in the placebo group was unexpected. The study participants 

were not randomised according to blood lipid profile, which may be considered as a 

limitation of the study. 

 

It was hypothesised that C. fimbriata extract would improve blood lipid profile in humans, 

due to the positive results observed in animal models. The therapeutic potential of C. 

fimbriata in dyslipidemia has been investigated in several animal models of diet induced 

obesity (Somnath et al., 2012, Jagtap et al., 2013, Ambadasu et al., 2013a, Ambadasu et al., 

2013b, Kamalakkannan et al., 2010). The authors of the previous animal study conducted by 

Kamalakkannan et al (2010) attributed the lipid lowering and anti-atherosclerotic effects of 

C. fimbriata to the conferred antioxidant (Ansari et al., 2005) and anti-inflammatory 

properties of the botanical extract (Zakaria et al., 2001).  The cholesterol reducing action has 

also been reported in other Caralluma species including C. umbellate and C. adcendens 

(Adnan et al., 2014).  
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The non-significant treatment effect of C. sinensis on dyslipidemia is inconsistent with 

previous work. The efficacy of berry derived-anthocyanin supplementation (from bilberry 

[Vaccinium myrtillus] and black currant [Ribes nigrum]) on dyslipidemia has been evaluated 

in a previous human trial (Qin et al., 2009), which showed that in dyslipidemic patients, 

anthocyanin supplementation produced favourable effects on lipoproteins. Qin et al (2009) 

suggests that administration of anthocyanins may lead to an improvement in lipoprotein 

profile via lowering plasma LDL-cholesterol and increasing HDL-cholesterol levels in part 

through the inhibition of cholesteryl ester transfer protein (CETP) target.  In support of the 

observations by Qin et al (2009), this mechanism of lipid lowering action of anthocyanins via 

inhibition of CETP activity has been reported in animal studies (Lam et al., 2008).  

Furthermore, other animal studies have also observed the anti-dyslipidemic activities of red 

orange extracts. The study conducted by Salamone et al (2012) reported a significant 

improvement in dyslipidemia following oral administration of Moro orange juice in high fat 

fed mice (Salamone et al., 2012). The results of Salamone et al (2012) in reversing the 

metabolic abnormalities associated with a high fat fed diet are in agreement with other animal 

models of obesity following administration of anthocyanin enriched plant extracts (Galvano 

et al., 2007). For example, Kwon et al (2007) identified that anthocyanin extracted from black 

soybean resulted in marketable improvements in dyslipidemia and a decrease in central 

obesity in high fat fed rodents (Kwon et al., 2007).  

 

The effect of C. fimbriata and/or C. sinensis on glycaemic control was also evaluated via 

measurement of fasting blood glucose levels and plasma insulin concentration.  No change in 

blood glucose levels or plasma insulin concentration was observed in all treatment groups. 

The study by Kuriyan et al (2007) and our previous pilot study also failed to identify any 
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change in fasting blood sugar levels, despite the reported anti-diabetic activity observed in 

animal models (Jagtap et al., 2013, Somnath et al., 2012), which includes our own animal 

study. In this case, it can be highlighted that the positive effects observed in animal models 

may not translate into similar benefits in the human clinical setting. Due to the gross 

metabolic dysfunction associated with diabetes, clinical trials conducted on non-diabetic and 

diabetic subjects using well designed randomised placebo controlled protocols are needed. As 

such, rigorous investigations using cell lines, ex vivo and animal models of diabetes ideally 

should be conducted first.  

 

The anti-hyperglycaemic activity of the red orange extract has been evaluated in human 

studies. Qin et al (2009) analysed the glucose concentration of participants via the glucose 

oxidase method. No significant differences in glucose concentrations were observed between 

the anthocyanin treated group compared to control (Qin et al., 2009). Buscemi et al (2012) 

also adopted the glucose oxidase method for measuring glucose concentrations and also did 

not identify any change in pre-prandial or post-prandial values. While in contrast to the 

aforementioned studies, Dallas et al (2014) reported a significant decline in blood glucose 

levels (9.95 ± 1.87 %) in the Sinetrol-XPur group (red orange, grape fruit, and orange 

extract). However, the authors attributed the improvement in glucose levels to the presence of 

grape fruit enriched with naringenin and nargingin, which have been shown to reduce insulin 

resistance in patients with metabolic syndrome (Fujioka et al., 2006). The in vivo anti-

hyperglycemic action of naringenin is mediated via the inhibition of intestinal glucose uptake 

and renal glucose reabsorption (Dallas et al., 2014).   
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In the current study, there were no significant changes in physiological parameters including 

systolic and diastolic blood pressure with the exception of heart rate. Our study reported a 

slight increase in heart rate over time. A clinical human trial conducted by Dallas et al (2014) 

evaluating the efficacy of Sinetrol-XPur, a combination extract of red orange, grape fruit, and 

orange also reported a slightly higher heart rate at the end of the study in the Sinetrol-XPur 

treatment group (+3.32 %), although it should be noted that all values were still within 

normal limits of 74 to 77 beats/minute for both studies (Dallas et al., 2014). Dallas et al 

(2014) indicated that the increase in heart rate could be comparable with drinking three cups 

of coffee daily in relation to the amount of caffeine (19.8 mg/day). It should also be noted 

that both botanical extracts were generally well tolerated over the intervention period in the 

current study. Only minor adverse side effects were reported in the experimental groups, 

which is consistent with previous toxicology studies on C. fimbriata and C. sinensis extracts. 

A major advantage of herbal supplements is the relatively low incidence of adverse events 

that usually relate to a gentle impact on one’s metabolism in contrast to highly potent 

pharmaceutical drugs with reported undesirable adverse effects. For example, Xenical 

(Orlistat) is an approved drug in Australia for the treatment of obesity, but it is associated 

with unpleasant side effects, including fatty/ loose stools, increased defecation, flatus with 

discharge, faecal urgency/ incontinence, uncontrolled oily discharge, nausea/vomiting, 

abdominal pain and lower serum levels of fat-soluble vitamins compared to the placebo 

group (Murray et al., 2008).  

 

The dietary intake of participants was also monitored throughout the intervention period of 

the present study. By controlling dietary intake during the supplementation period, it was 

deemed helpful in maintaining compliance of the ingestion of the extract. In support of this 
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intervention method adopted in the present study, many other studies evaluating the efficacy 

of weight loss aids have used this approach (combination of supplementation and providing 

dietary modifications) (Celleno et al., 2007, Nagao et al., 2005). According to the food 

frequency questionnaire data, there was a significant time effect for energy, total fat, 

saturated fat, polyunsaturated fat, monounsaturated fat, protein, carbohydrate, fibre, sugar, 

and salt The significant time effects observed from the FFQ results support the explanation 

that the changes in body composition parameters were achieved by following the hypocaloric 

diet. However, there was no significant time effect observed for the food diary data. The 

inconsistencies between the findings of the food diary recordings and FFQ are possibly 

attributed to the differences in methodologies of reporting dietary intake used (i.e., the FFQ 

offers an extensive but not thorough list of items of food consumed during a given period of 

time, while in comparison the food diary depend on participants’ ability to recall dietary 

information). Therefore it is recognized that the present study is limited by inter-individual 

variability in food intake and the subjective nature of reporting and interpreting. Furthermore, 

the validity and reliability of the dietary intake findings may be strengthened by analysing 

biomarkers such as urinary minerals or nitrogen excretion (Rothenberg, 1994). 

 

There are inconsistent findings regarding the effect of C. fimbriata extract on food intake 

regulation in humans. In our previous pilot study, there were also significant improvements in 

dietary intake in both groups, including a reduction in total fat and saturated fat intake, as 

well as a notable increase in whole grains, fruits and vegetables over the intervention period. 

While, Kuriyan et al (2007) found that only C. fimbriata extract supplementation 

significantly reduced refined sugar intake, sweets, cholesterol, and saturated fat intake over 

time, however the intake of fruits, vegetables and fish remained unchanged.  
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In contrast, the effect of anthocyanin supplementation on energy and macronutrients in 

previous studies are not compelling. A previous human trial evaluating the efficacy of 

anthocyanin ingestion only asked participants to maintain habitual diet and lifestyle during 

the intervention period, with no significant change observed in mean daily intakes of 

nutrients reported over the 12-week treatment period (Qin et al., 2009).  The study by Dallas 

et al (2014), controlled dietary intake with the caloric level set at 1800 – 2000kcal/day for 

women and 2000 – 2500 kcal/day for men. Physical activity recommendations were also 

provided, where subjects were instructed to participate in 30 minutes of exercise per week 

(three sessions of 10 minute walks). A diet and exercise questionnaire was also administered 

to detect any differences among groups, however the results of the questionnaire were 

unfortunately not stated (Dallas et al., 2014). The study by Buscemi et al (2012) consisted of 

a randomised, 2 x 2 crossover, placebo-controlled, single blind design, where participants 

were studied for two periods of 7 ± 1 day (periods 1 & 2), separated by a 3-day interval. 

During the intervention period, subjects were asked to maintain dietary habits and their 

exercise routine, however it was requested that the dietary intake of participants to be similar 

to that of three days preceding baseline measurements and during the last 3-days of periods 1 

and 2. A 24-hour food diary recall was also compiled the day before measurements. The 

authors stated that there were no significant differences observed in total energy and 

macronutrient intakes in the food diaries provided (Buscemi et al., 2012).  

 

The eating behaviour and assessment of appetite of participants was monitored during the 12-

week treatment period. No change in hunger and fullness sensations, satiety quotient for the 

degree of hunger or the appetite hormones ghrelin and leptin were detected in the treatment 

groups, which is consistent with the food diary recordings. There were no significant 
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differences in hunger or fullness sensations in the C. fimbriata treated group, which is 

consistent with our previous pilot human trial and animal study. While in contrast the study 

by Kuriyan et al (2007) demonstrated that the appetite satiety effect of C. fimbriata extract 

was apparent, with a 7.2 % increase in the feeling of fullness, a 9.5 % reduction in urge to eat 

and a 19.7 % decline in hunger levels reported in the C. fimbriata supplemented group. This 

finding supports those of other animal models of diet induced obesity on the efficacy of C. 

fimbriata extract (Kamalakkannan et al., 2010). Whereas, to the best of our knowledge, this is 

the first study that has investigated the effect of red orange extract on appetite in humans, 

which unfortunately did not show compelling results.  Due to the inconsistencies reported in 

the literature and the present findings on appetite, it is of importance to clarify the therapeutic 

role of these botanical extracts in the treatment of obesity.  

 

6.7 Conclusion 

In conclusion, we observed favourable changes in body composition in overweight and obese 

adults which may be attributed to dietary modifications. The energy and macronutrient 

intakes of participants’ significantly improved which is in support of the changes in 

anthropometry reported in all groups. However, supplementation with C. fimbriata extract 

and C. sinensis extract did not significantly provide a treatment effect on the major outcome 

measures in this study. Therefore, due to the inconsistencies in the results identified in the 

current study and previous work, a definitive conclusion on the effectiveness of C. fimbriata 

extract and/or C. sinensis extract for the management of metabolic and cardiovascular 

disorders cannot be made. Thus, long term rigorous clinical studies are warranted for future 

research to better clarify the potential metabolic effects of these two botanical extracts in the 

management of metabolic and cardiovascular conditions for long-term use.  
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CHAPTER SEVEN: GENERAL DISCUSSION AND CONCLUDING REMARKS 

7.1 Introduction 

The studies accomplished within this thesis provide an insight into the therapeutic use of 

botanical extracts, chiefly Caralluma fimbriata and Citrus sinensis (Moro variety) on 

metabolic disturbances associated with obesity, metabolic syndrome and the potential risk of 

atherosclerosis in an overweight or obese state. This research identified inconsistencies in the 

literature regarding the effectiveness of supplementation with C. fimbriata extract and/ or C. 

sinensis extract on metabolic and cardiovascular disorders. These findings provide important 

clinical evidence that raises the question whether recommending these botanical extracts for 

the therapeutic management of overweight and obesity and associated metabolic and 

cardiovascular conditions is valid.  This chapter has the intention of integrating the studies 

completed within this thesis and to provide concluding remarks on the overall outcome of the 

investigation of the effects of C. fimbriata and C. sinensis extracts on metabolic and 

cardiovascular disorders. 

 

7.1.1 The effectiveness of C. fimbriata 

Investigations into the anti-obesity effects of C. fimbriata extract were explored in Chapters 

four to six. Here we have shown conflicting findings that supplementation with C. fimbriata 

extract leads to significant reductions in waist circumference under overweight and obese 

conditions as reported in the pilot human clinical trial, however the major human trial and the 

animal model of diet induced obesity failed to identify significant changes in central 

adiposity. An accumulation of central adiposity is detrimental to one’s health with substantial 

evidence supporting the notion that excess visceral adipose tissue is linked with the presence 
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of metabolic abnormalities namely metabolic syndrome (Despres, 2007). It is unclear from 

these findings that administration of C. fimbriata extract may be used as a therapeutic 

treatment option for individuals with a large waistline (Men >102 cm (40 in); Women >88 

cm (>35 in) (Expert Panel on Detection Evaluation and Treatment of Overweight in Adults, 

1998). However, in line with our observations in the pilot study, a previous human trial by 

Kuriyan et al (2007) also identified significant reductions in waist circumference following 

C. fimbriata supplementation compared to the placebo group. In addition, Kamalakkannan et 

al (2010) demonstrated that in rodents fed a high fat cafeteria diet plus C. fimbriata treatment, 

there were considerable reductions in fat pads including perirenal, epididymal and mesenteric 

adipose tissue compared to placebo. These studies undertaken within this thesis adds to the 

growing research in further understanding the efficacy of C. fimbriata extract as an anti-

obesity agent especially in the treatment of central obesity.  

The overall results from this thesis did not meet the hypothesis that supplementation with C. 

fimbriata extract is capable of reducing metabolic disturbances and thus has important 

clinical relevance for the therapeutic treatment of metabolic syndrome. The findings of this 

research showed that supplementation with C. fimbriata did not significantly elicit beneficial 

effects on central adiposity, systolic and diastolic blood pressure, lipid profile, glucose 

tolerance and liver histopathology in a diet-induced obesity rat model. However these 

findings oppose previous work. For instances, Latha et al (2014) found that following 

administration of C. fimbriata extract in diabetic induced rats that there was significant 

recovery of the liver compared to the diabetic control group, which showed complete 

destruction of hepatocytes, degeneration of central vein, fatty degeneration and damaged 

hepatocytes. In addition, other studies have shown anti-diabetic effects of C. fimbriata 

supplementation. It has been previously found that C. fimbriata administration is capable of 
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preventing hyperglycemia, partial prevention of hyperinsulinemia and may also significantly 

reduce plasma glucose levels in rodents (Sudhakara et al., 2014). The lipid lowering 

properties of C. fimbriata extract have been observed in previous animal studies which 

indicated a significant improvement in lipid profile in cafeteria fed rats treated with C. 

fimbriata extract (Kamalakkannan et al., 2010, Ambadasu et al., 2013a, Ambadasu et al., 

2013b, Somnath et al., 2012, Jagtap et al., 2013, Latha et al., 2014). The significant decline in 

CRP levels has not been reported in previous studies, however the anti-inflammatory 

properties of other Caralluma extracts have been described previously (Adnan et al., 2014). 

Furthermore, the anti-atherosclerotic properties of C. fimbriata have been documented in 

rodent studies (Kamalakkannan et al., 2010).  

The metabolic effects of C. fimbriata were also investigated in the clinical setting in chapters 

four and six, with differing findings observed in humans. There were no significant treatment 

effects reported in the major human clinical trial (chapter six), while only a noteworthy 

decline in waist circumference was observed in the experimental group in the pilot study 

(chapter four). However, both human trials failed to identify significant reductions in hunger 

via the VAS method, therefore suggesting C. fimbriata extract may not have appetite 

suppressing properties. However, it should be noted that a significant decline in energy intake 

and waist circumference was reported in the study conducted by Kuriyan et al (2007). 

Kuriyan also identified the appetite suppressing activity of C. fimbriata extract through the 

reduction in hunger and fullness ratings via the VAS method.  

From the previous work conducted on the effectiveness of C. fimbriata supplementation and 

the research presented within this thesis, it is evident that there is conflicting evidence 

regarding the metabolic effects of C. fimbriata in the treatment of metabolic and 

cardiovascular disorders in rodents and humans. There is currently not enough conclusive 
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evidence to suggest that C. fimbriata supplementation is capable of reducing all components 

of metabolic syndrome in humans, despite the significant findings observed in previous 

animal studies. Further research is required to validate the potential benefits of C. fimbriata in 

the treatment of obesity comorbidities. Possible future directions for the investigation into the 

role C. fimbriata plays in the treatment of obesity associated pathologies are described in 

section 8.2.  

 

7.1.2 The effectiveness of C. sinensis 

The botanical extract, C. sinensis (Moro variety) was investigated alone and in combination 

with C. fimbriata extract for its potential anti-obesity and anti-inflammatory properties 

(chapter six).  The results from this thesis revealed no significant treatment effect of C. 

sinensis supplementation alone or in combination with C. fimbriata extract on metabolic and 

cardiovascular disorders in overweight and obese adults. However these findings are in 

conflict with previous work. For example, improvements in anthropometric measurements 

including BMI, waist and hip circumferences following C. sinensis treatment have been 

reported in other studies investigating combination formulas of anthocyanin supplementation 

in overweight individuals (Dallas et al., 2008, Dallas et al., 2014). Additionally, the anti-

inflammatory effects of C. sinensis (various anthocyanin formulas) extract have been 

explored in previous human studies (Dallas et al., 2014, Buscemi et al., 2012). In light of the 

results from our research and the reported findings of previous studies, it is unclear whether 

supplementation with C. sinensis extract is a useful anti-obesity agent for the management of 

overweight and obesity and associated comorbidities.  
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7.2 General conclusions 

C. fimbriata extract is an edible succulent plant native to India, with anecdotal evidence of 

appetite suppressing and anti-obesity properties. In recent years, the beneficial properties of 

the botanical extract have been explored for its therapeutic role in the treatment of obesity 

and metabolic disturbances (Kamalakkannan et al., 2010, Kuriyan et al., 2007, Lawrence and 

Choudhary, 2004). Importantly, the results contained within this thesis provide significant 

contribution to the literature, highlighting that the evidence supporting C. fimbriata extract 

and or C. sinensis extract as anti-obesity agents is weak. However, the dietary modifications 

to participants’ food intake were clinically meaningful, providing significant improvements 

to body composition parameters. Further research may be required to better clarify the 

efficacy of these botanical extracts, or it may not even be worthwhile pursuing further. An 

alternative study design or a larger sample size may be necessary to show significance.  

C. sinensis (Moro variety) is a red orange that originated from the Mediterranean regions. 

The strong red colour of the Moro orange is attributed to the abundance of anthocyanins. 

Establishing the clinical efficacy of red coloured varieties enriched with anthocyanins such as 

Moro, Sanuinello and Tarocco as anti-obesity agents has recently been explored in animal 

models and in the clinical setting (Titta et al., 2010, Dallas et al., 2014).  Importantly, our 

findings presented in chapter six do not support current literature that C. sinensis may be 

useful as a therapeutic strategy for the treatment of central adiposity. The findings of this 

study importantly merit the consideration of further investigations in the area of metabolic 

outcomes associated with the use of anthocyanin supplementation. 
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CHAPTER EIGHT: RECOMMENDATIONS FOR FUTURE RESEARCH 

Due to the inconsistent findings reported within this thesis and the current literature, it is 

recommended that future work in this area may focus on developing larger, long-term well 

designed clinical trials for determining the efficacy of chronic administration of C. fimbriata 

extract for the treatment of obesity and associated conditions. It is also of interest to further 

investigate the mechanisms underlying the proposed beneficial properties of the major plant 

extract (C. fimbriata) investigated within this thesis. This chapter will identify gaps in 

knowledge and attempt to provide recommendations for future research in this area.  

 

8.1 Larger sample size and long-term supplementation of C. fimbriata and Moro orange 

extracts in humans with metabolic abnormalities 

Even though the total number of participants satisfied the minimum number required by 

power analysis in the present human trials reported within this thesis, the sample size was still 

relatively small and it is unlikely that it was a true representation of the general overweight  

and obese adult population, thus limiting the applicability of the results. For instance, the 

majority of the participants who completed the each study were female. It would be useful for 

future studies to restrict participation to a more specific sample population and/or recruit a 

larger sample size.  

 

Currently, the majority of clinical studies on obesity treatment with use of natural weight loss 

products have been conducted for relatively short-term intervention periods (<12 weeks 

duration). In addition, there is a lack of studies that include a follow-up phase to identify 

weight maintenance following treatment cessation. Therefore, long-term therapy of 



 

189 

 

overweight and obesity is required to demonstrate that weight loss can be achieved and 

maintained. Larger clinical trials documenting the treatment effect for at least one year are 

needed to demonstrate the efficacy and safety for long-term use. Currently, there are no 

human clinical trials that have investigated the effects of chronic administration (one year 

duration) of C. fimbriata extract or C. sinensis extract on long term body composition 

changes in humans. Therefore clinical trials of a longer duration and larger sample sizes are 

required to verify the beneficial effects of C. fimbriata extract and C. sinensis 

supplementation. 

 

Furthermore, the use of placebo controlled clinical trials particularly in long-term studies is 

often linked with a high dropout rate. To minimise non-adherence to intervention protocols 

and thus reduce dropout rates investigators may empirically probe subjects adherence during 

a “run-in period” and thereafter only randomize adherent participants into the trial (Pablos-

Mendez et al., 1998). This run-in period protocol could be adopted in future randomised 

controlled trials on C. fimbriata and C. sinensis extracts. Furthermore, it would also be of 

significance to conduct follow-up trials to determine weight reduction maintenance over time. 

Follow-up weight maintenance trials are yet to be performed following supplementation of C. 

fimbriata and C. sinensis extracts.  

 

Studies have shown that subjects who receive concomitant dietary advice and follow an 

exercise program in addition to phytochemical supplementation show  significant additional 

anti-obesity effects (Hasani-Ranjbar et al., 2009). Long-term weight maintenance is 

dependent on sustained behavioural changes including dietary modification and maintaining a 

regular physical activity regime. Accordingly, long-term prevention of relapse of reduced 
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weight gain following intentional weight loss remains a therapeutic challenge among 

clinicians and the research community. Adjunctive phytotherapy such as C. fimbriata extract 

or C. sinensis extract may facilitate long-term weight maintenance for humans. One potential 

approach in preventing weight regain is to reduce appetite and promote satiety signals. As it 

has been reported in previous studies that C. fimbriata and C. sinensis are capable of 

suppressing appetite or energy intake, future research could focus on chronic supplementation 

of these botanical extracts on weight regain following a weight loss program. Another aim for 

future research could evaluate the long-term effects (greater than one year duration) of C. 

fimbriata extract and C. sinensis extract combined with behavioural counselling, appropriate 

dietary changes and an exercise program (overall wellbeing) on obesity-related cardio-

metabolic risk factors.  

 

This future research with the goal of establishing the efficacy of C. fimbriata and C. sinensis 

extracts in long-term well designed clinical trials serves to substantiate positive empirical 

evidence, creating a more robust evidence base for the safe and effective use of both C. 

fimbriata and C. sinensis supplementation as a therapeutic option for overweight and obese 

adults.  

 

8.2 Functional role of C. fimbriata extract in the treatment of metabolic syndrome 

Reliable and accurate measurements of body composition are critical in the interpretation and 

evaluation of findings reported in research studies that consist of a weight loss intervention 

program. There is also an accumulation of evidence that links body shape and dimensions 

with health risk (Pouliot et al., 1994, Despres, 2007). Thus, measurement of body 
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composition particularly regional adiposity is important in detecting small changes in body 

fat content in response to an intervention. Ideally, the significant findings reported in 

previous studies of reduced waist circumference observed in the C. fimbriata and C. sinensis 

group should be validated with future research that demonstrated changes in visceral fat 

mass. The measurement of central adiposity could be achieved through the measurement of 

abdominal visceral fat (AVF), abdominal subcutaneous fat (ASF), and total abdominal fat 

(TAF) areas via computed tomography (CT)-scan.  

 

There is a close link established between adipose tissue metabolism, differential fat 

distribution and disorders such as diabetes, obesity and CVD (Bjorntorp, 1987). The animal 

study presented in this thesis is lacking analysis of some of the specific fat depots that are 

associated with metabolic risk such as omental, mesenteric, brown adipose tissue and deep 

subcutaneous adipose tissue (Bjorndal et al., 2011). Therefore, future animal research could 

focus on the assessment of metabolically active adipose tissue in order to better elucidate the 

anti-obesity effects of C. fimbriata extract.  

 

Furthermore, a deeper investigation into the mechanisms underlying the reduction of 

abdominal fat may be explored through histological analysis of adipose tissue and the 

analysis of adipocyte specific gene expression. Therefore future research could investigate 

the gene expression profile of human adipocytes treated with C. fimbriata to identify changes 

in the regulation of adipocytokines such as adiponectin, PAI-1, TNF-α and leptin. Moreover, 

lipid metabolism related genes that are involved in transcriptional regulation of lipolysis and 

lipogenesis such as peroxisome proliferator-activated receptors (PPARs) (Kersten, 2002) 
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could also be investigated to elucidate the effect of C. fimbriata on adipocyte function, in 

addition to the previous work conducted by Akbarsha et al., (2010).  

 

As previously discussed in chapter two, metabolic syndrome is associated with impaired 

fibrinolysis, micro-inflammation and oxidative stress, which are considered major risk factors 

for CVD and type 2 diabetes (Trevisan et al., 1998). Future human research could investigate 

parameters characterising oxidative status in subjects with metabolic syndrome following 

chronic C. fimbriata extract supplementation, through the analysis of superoxide dismutase, 

catalase, and arginase activities. Other oxidative markers that could be analysed include lipid 

peroxidation, myeloperoxidase activity, nitrite, and hydrogen peroxide concentrations in 

plasma (da Fonseca et al., 2014). The proinflammatory cytokine profile including IL-6, TNF-

α and PAI-1 could also be investigated to better understand the role of C. fimbrata extract in 

inflammatory associated conditions. 

 

Previous animal models of diet induced obesity have established the lipid lowering activities 

of C. fimbriata extract (Somnath et al., 2012). In addition, it is evident from the findings of 

previous studies (Kamalakkannan et al., 2010) that C. fimbriata extract supplementation has 

potential anti-atherosclerotic properties. However the mechanisms by which the plant extract 

elicits these effects are not fully understood. It is possible that the anti-atherosclerotic activity 

of C. fimbriata is attributed to the flavonoids present in the extract. Hence, future studies that 

focus on understanding the molecular mechanisms and gene-level effects of the active 

ingredients including flavonoids are warranted given their reported anti-atherosclerotic 

properties. In continuation of this investigation, proinflammatory cytokines that often exist in 
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atherosclerotic lesions and CVD biomarkers such as homocysteine and microalbumin levels, 

and VCAM-1 and ICAM-1 levels in plasma just to name a few could then be investigated to 

gain a more comprehensive understanding of the role C. fimbriata extract plays in the 

amelioration of atherosclerosis.  
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Appendix 1 - A Review on Botanical Species and Chemical Compounds with Appetite 

Suppressing Properties for Body Weight Control 
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Appendix 2 - Plant extracts with appetite suppressing properties for body weight 

control: A systematic review of double blind randomized controlled clinical trials 
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