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Abstract 

Metabolic syndrome (MetS) is a multi-faceted condition involving dyslipidemia, hyperglycemia, and overweight. 

The present work investigates the effect of mucilage of Calophyllum inophyllum nuts on body weight, plasma 

glucose, and plasma lipids in an animal model. Firstly, male Wistar rats were fed a high-fat/high sucrose (HFS) 

diet made of standard laboratory chow enriched with sucrose and egg yolk (caloric content: fats: 33.20%; 

sucrose: 21.30%) for 33 days. Thereafter, they were divided into groups of five animals, each group receiving 

one of the following by oral route daily for 14 days: distilled water (HFS-Ctrl), mucilage at doses of 250 or 500 

mg/kg body weight (HFS-Ci250 and HFS-Ci500 respectively). The body weight of rats was measured at 3-day 

intervals. Fasting plasma glucose, oral glucose tolerance, and plasma lipid profile were assessed at the end of the 

study and cardiovascular risk indices were calculated. Mucilage treatment caused a significant decrease in body 

weight in groups HFS-Ci250 (-8.56%, p<0.05) and HFS-Ci500 (-14.27%, p<0.05) in comparison with the 

HFS-Ctrl group. HFS-fed rats treated with mucilage had an improved oral glucose tolerance with total 

incremental plasma glucose significantly lower than that of the HFS-Ctrl group. Mucilage-treated rats had 

significantly lower plasma total cholesterol, LDL-cholesterol, and triglycerides as well as higher 

HDL-cholesterol (+96.29%, p<0.05) which led to lower values of cardiovascular risk indices. Our results suggest 

that mucilage obtained from Calophyllum inophyllum nuts may find applications in the management of human 

metabolic syndrome by addressing its features such as obesity, hyperglycemia, and dyslipidemias. 
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1. Introduction 

Metabolic syndrome (MetS) is commonly defined as a cluster of mild disorders resulting from impairments in 

carbohydrate metabolism, lipid metabolism, and/or vascular system (Bonnet & Laville, 2005). These disorders 

mostly linked to overweight and obesity are responsible for several metabolic (e.g. diabetes mellitus) or 

cardiovascular (e.g. stroke) diseases (Bonnet & Laville, 2005). Cutoffs for MetS diagnosis may differ widely 

depending on countries or regulatory agencies like WHO (Alberti & Zimmet, 1998), NCEP-ATP III (NCEP, 

2001), EGIR (Wood et al., 1998), and AHA (Grundy et al., 2005). However, diagnosis tools tend to be quite 

uniform worldwide and include at least three of the following: high fasting blood glucose, impaired glucose 

tolerance, hypertension, obesity, and high fasting blood lipids (Eckel, Alberti, Grundy & Zimmet, 2010; Alberti, 

Zimmet & Shaw, 2005). MetS-linked pathologies or complications such as type 2 diabetes and coronary heart 

diseases are nowadays ranked among the leading causes of mortality around the globe (Bonnet & Laville, 2005). 

Prevalence of overweight and obesity continued to rise worldwide while diabetes caused 1.43 million deaths in 

2016, which represent an increase of 31.1% from the rate in 2006 (GBD Group, 2017). In these mortality figures, 

smoking and poor diet remained the leading risk factors of ill health (GBD Group, 2017). 

The ‘poor diet’ association with MetS has been considered for decades, with different components of the diet being 

pointed at different times. Consumption of macronutrients such as carbohydrates and fats has dominated the global 
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‘risk-foods’ debate (Dehghan et al., 2017). In many countries, due to urbanization and food industry marketing, 

the intake of refined, fat, and/or sugar-sweetened foods and beverages is high and still increasing in both adults 

and children (Singh et al., 2015; Kearney, 2010). Moreover, the association of high consumption of such foods 

with the development of MetS, obesity, type 2 diabetes as well as cardiovascular diseases has been evidenced 

throughout the world (Dehghan et al., 2017; Chan et al., 2014; Malik et al., 2010; Kuo et al., 2008). It is 

anticipated that the worldwide prevalence of MetS and its co-morbidities would increase in the upcoming years. 

Therefore, the search for available and cost-efficient therapies that could address MetS as a whole or its features 

considered individually remains crucial. 

Mucilages are polysaccharide complexes formed from sugar and uronic acid units. They belong to the 

water-soluble dietary fibers category and are obtained mainly from seeds, nuts, and other plant parts (Divekar, 

Kalaskar, Chougule, Redasani & Baheti, 2010). Like other water-soluble dietary fibers, mucilages yield viscous 

solutions and gels when in contact with water molecules and subsequently increase intestinal viscosity 

(Papathanasopoulos & Camilleri, 2010). This property allows mucilages and other soluble fibers to have 

favorable effects on MetS individual features. Indeed, several studies have shown clearly that mucilages and 

other soluble dietary fibers occurring in plants like fenugreek, guar, or okra can alleviate hyperglycemia 

(Chukwuma, Islam & Amonsou, 2018; Butt, Shahzadi, Sharif & Nasir, 2007; Dakam, Kuate, Azantsa & Oben, 

2007), hyperlipidemia (Butt et al., 2007; Dakam et al. 2007; Enzi et al., 1980) and excess body fat (Butt et al., 

2007; Dakam et al. 2007; Enzi et al., 1980). Therefore, it has been suggested that mucilages and other 

water-soluble fibers may be viewed as an interesting and cost-effective approach in tackling the growing 

incidence of MetS (Papathanasopoulos & Camilleri, 2010). In this context, the search for locally available 

sources of water-soluble dietary fibers in any part of the world should be encouraged to provide people with 

affordable MetS prevention/management strategies. 

Calophyllum inophyllum commonly known as tamanu or mastwood is a plant of the Guttifereae family found in 

East Africa, tropical Asia, Northern Australia, and islands in the Pacific and Indian oceans (Damon, 2016). The 

plant is used by people from these areas for many purposes. For instance, nuts have been highly valued for their 

oil in the treatment of various health conditions such as rheumatism, pruritus, inflammation, bacterial infections, 

and wounds (Dweck and Meadows, 2002). Throughout the last four decades, several scientific studies provided 

evidence of beneficial properties linked to Calophyllum inophyllum: anti-inflammatory (Saxena et al., 1982; 

Bhalla et al., 1980), antimicrobial (Yimdjo et al., 2004), cytotoxic (Yimdjo et al., 2004), diuretic (Schultes & 

Raffauf, 1990), anticancer (Itoigawa et al., 2001; McKee et al., 1998), inhibitory effects on HIV-1 virus reverse 

transcriptase (Ishikawa, 2002; Xu et al., 1999; Spino, Dodier & Sotheeswaran, 1998), anti-ulcer (Dweck & 

Meadows, 2002) and even insect repellent (Hieu, Kim, Kwon & Ahn, 2010). These facts show clearly that 

indigenous populations from the abovementioned parts of the world as well as scientists have been focusing 

essentially on oil derived from C. inophyllum nuts. We have found no report on the therapeutic use of the 

defatted residue as it is generally discarded after oil extraction from nuts. However, defatted nuts and kernels are 

often rich in mucilages and other water-soluble polysaccharides that could have valuable input in MetS 

management as mentioned previously (Ngondi, Fossouo, Djiotsa & Oben, 2006; Smith, 2003). Therefore, we 

investigate the possibility of using C. inophyllum mucilage as an effective agent of MetS management in an 

animal model for the first time. 

2. Methodology 

2.1 Experimental Animals 

Male rats of Wistar strain bred in our laboratory were used in this study. They were 12-weeks old, weighing 

180-200 g, and maintained in cages under controlled conditions (25°C, 12:12-h dark/light cycle) with free access 

to food and water. Animal experiments were conducted following the internationally accepted principles for 

laboratory animal use and care (United States National Institutes for Health publication no. 85-23, revised in 

1985). Ethical approval was obtained from the Institutional Ethics Committee for Research of the University of 

Douala (n° 1260 CEI-UDo/02/2018/T). 

2.2 Plant Material Harvesting and Processing 

C. inophyllum fruits were harvested between November and December 2017 in the City of Limbe, South-West 

Region of Cameroon. Harvested specimens were identified by Dr. Barthelemy Tchiengue at the Cameroon 

National Herbarium in Yaoundé, Cameroon (by comparison with specimen n° 50376/HNC). Kernels were 

removed manually from the fruits and shelled to obtain the nuts that were dried in an oven at 40°C till constant 

weight and ground into a fine powder. Nut powder was kept in opaque flasks. 
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2.3 Mucilage Extraction 

Mucilage was extracted according to the procedure described by Divekar et al. (2010) with some modifications. 

In brief, nut powder was defatted exhaustively by successive 48-h macerations in hexane at room temperature 

with a dry matter/liquid ratio of 20 g per 100 ml. The resulting macerates were filtered using n°2 filter paper. 

Filtrates were concentrated under vacuum using a rotary evaporator (R-205D type Fulton) to recover solvent that 

was used for subsequent macerations. The defatted solid residue was allowed to dry on a plate at room 

temperature and was stored in a sealed and opaque jar.  

Twenty-five grams of defatted solid residue were homogenized with 500 ml of distilled water in an 

Erlenmeyer-type flask. The mixture was heated to 50°C for 4 hours in a water bath, cooled, and filtered with 

filter paper (n°2). Then, 700 ml of 90% ethanol were added to the filtrate and the homogenized mixture was 

centrifuged at 3000 rpm for 10 minutes. The resulting pellet containing mucilage was collected, dried on filter 

paper, and kept in an opaque flask. 

2.4 Animal Study 

2.4.1 Phase 1: Differential Feeding 

Thirty adult male rats were fed for 33 days with either standard laboratory diet (SD, n=5) or high-fat/sucrose diet 

(HFS, n=25) made of standard laboratory diet mixed with sucrose (Sosucam, Yaounde, Cameroon) and dried 

chicken egg yolk in proportions 34:40:26 (w:w:w). Nutrient and energy contents of both diets are presented in 

Table 1. The standard laboratory diet was the Laboratory Rodent Diet 5001 (LabDiet, St. Louis, MO, USA). 

Nutrient and energy content of the HFS diet was calculated using data provided by LabDiet for standard 

laboratory diet and by USDA Nutrient Database for dried chicken egg yolk. All rats were provided with food and 

drinking water ad libitum. Body weight was monitored every three days for each rat. 

Table 1. Composition and energy content of standard laboratory diet (SD) and high-fat /high-sucrose diet (HFS) 

Composition Standard diet
1 

HFS diet
2 

Proteins (%) 24.10 16.84 

Fats (%) 6.40 16.65 

Carbohydrates (%) 

Sucrose (%) 

48.70 

3.15 

58.52 

41.07 

Fibers (%) 5.20 1.76 

Minerals (%) 6.90 2.69 

Other nutrients (%) 8.70 3.54 

Energy content
3
 (kcal/100g) 

Calories provided by 

Proteins (%) 

Fats (%) 

Carbohydrates (%) 

Sucrose (%) 

336.20 

 

28.67 

13.38 

57.95 

1.83 

451.23 

 

14.93 

33.20 

51.87 

21.30 
1Composition as described by LabDiet (St. Louis, MO, USA) for Laboratory Rodent Diet (5001). 

2Made by mixing standard laboratory diet with sucrose and dried chicken egg yolk (34:40:26 per 100 g 

respectively). Nutrient composition established using the USDA Nutrient Database. 

3Calculated as the sum of decimal fractions of proteins, fats, and carbohydrates × 4, 9, 4 kcal/g respectively. 

 

2.4.2 Phase 2: Study of Metabolic Effects of C. inophyllum Mucilage 

In the second phase, SD-fed rats were used as negative controls and remained on the same diet as in phase 1. 

HFS-fed rats were divided into five groups of five individuals each and remained on HFS diet except for one 

group (HFS-Sat) which was reverted to standard diet and served as a satellite to monitor persistence or 

reversibility of any metabolic disturbance brought about by HFS diet. Fenugreek galactomannan was used as 

reference soluble dietary fiber and was administered to a group of HFS-fed rats (HFS-Fg500). Treatment doses 

(250 and 500 mg/kg) were determined according to a previous study of metabolic effects of fenugreek 

galactomannan in rodents (Dakam et al., 2007). The experimental scheme is summarized below: 

SD-Ctrl: standard laboratory diet + distilled water 

HFS-Ctrl: high-fat/high-sucrose diet + distilled water 
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HFS-Sat: standard laboratory diet + distilled water 

HFS-Ci250: high-fat/high-sucrose diet + C. inophyllum nut mucilage at 250 mg/kg 

HFS-Ci500: high-fat/high-sucrose diet + C. inophyllum nut mucilage at 500 mg/kg 

HFS-Fg500: high-fat/high-sucrose + fenugreek galactomannan at 500 mg/kg 

Distilled water, nut mucilage, and fenugreek galactomannan were administered to rats by a single daily oral 

gavage over 14 days. As in phase 1, all rats had free access to food and drinking water, and body weight was 

recorded every three days. On day 13, an oral glucose tolerance test (OGTT) was carried out in rats from all 

groups. In this regard, rats were made fast for 12 h before the test. For each rat, fasting blood glucose was 

determined by depositing a single blood drop (collected from the tail tip) on a test strip inserted in a FreeStyle 

Lite® glucometer (Abbott Laboratories, Illinois, USA). A glucose solution (2 g/kg bw) was administered to all 

animals by oral gavage. Blood glucose was subsequently measured for each rat at time points 30, 60, 90, and 180 

min following glucose administration. 

2.4.3 Samples Preparation 

At the end of phase 2, all rats were anesthetized with α–ketoglutarate/ketamine combination and sacrificed. 

Blood from the jugular vein was collected in heparinized tubes and centrifuged at 3000 rpm for 10 minutes. 

Plasma was collected in Eppendorf tubes and kept at -20°C for subsequent biochemical analyses. 

2.5 Analytical Techniques 

Blood glucose was assessed by the glucose oxidase method using test strips and a one-touch glucometer from 

Abbott (Abbott Laboratories, Illinois, USA). Plasma total incremental glucose (TIG) during the oral glucose 

tolerance test was calculated after correction for the baseline (time zero) as the sum of changes in glycemia 

following glucose intubation according to the following formula: 

𝑇𝐼𝐺 = ∑ ([𝑔𝑙𝑦𝑐𝑒𝑚𝑖𝑎]𝑖 − [𝑔𝑙𝑦𝑐𝑒𝑚𝑖𝑎]0
𝑡
𝑖=0 ) (Madar, 1989). 

The relative glycemic index (RGI) was calculated as the ratio of TIG in a given group to the TIG in SD-Ctrl 

group multiplied by 100: 

𝑅𝐺𝐼 =
𝑇𝐼𝐺𝑥

𝑇𝐼𝐺𝑆𝐷𝐶𝑡𝑟𝑙
× 100 (Dakam et al., 2009). 

All measurements of plasma total cholesterol (TC), HDL-cholesterol (HDL-c) and triglycerides (TG) 

concentrations were performed using commercially available test kits produced by Chronolab (Zug, Switzerland). 

LDL-cholesterol (LDL-c) concentrations were determined by calculation (Friedewald, Levy & Frederickson, 

1972). Cardiovascular risk indices were calculated after conversion of lipid profile values into mmol/l as follows: 

TC/HDL-c, LDL-c/HDL-c, and TG/HDL-c. 

2.6 Statistical Analysis 

Results are expressed as means ± standard deviation. Statistical analysis was carried out using Student’s t-test for 

comparing body weight variations between SD and HFS groups in phase 1. One-way analysis of variance 

(ANOVA) followed by Duncan’s Multiple Range Test (DMRT) was used for multiple comparisons in phase 2. 

All statistical analyses were performed using the SPSS for Windows software, version 22.0 (SPSS Inc., Chicago, 

IL, USA). P-values less than 0.05 were considered significant. 

3. Results 

3.1 Effect of High-fat/High-sucrose Diet (HFS) on Body Weight Gain of Rats 

Figure 1a depicts the body weight gain in rats fed either the standard diet (SD) or the high-fat/high-sucrose diet 

(HFS) over 33 days (phase 1). Body weight gain was significantly higher in HFS-fed rats than in SD-fed rats 

from day 6 to day 33. At the end of phase 1, weight gain was 22.86% higher in HFS-fed rats than in SD-fed rats 

(p<0.05). 

3.2 Effect of Mucilage Treatment on Body Weight Gain of HFS-fed Rats 

Body weight gain of HFS-fed rats treated with either mucilage (HFS-Ci250 and HFS-Ci500) or fenugreek 

galactomannan (HFS-Fg500) for 12 days (phase 2) is presented in Figure 1b. Both soluble fibers brought about 

significant reductions in body weight gain. However, mucilage at doses of 250 and 500 mg/kg was most 

effective in reducing body weight as it caused significant weight losses which appeared to be dose-dependent.  
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Figure 1. Body weight gain: (a) in rats fed a high-fat/high-sucrose diet (HFS) and those fed the standard diet 

(SD); (b) in HFS-fed rats treated with mucilage of C. inophyllum nuts at doses of 250 and 500 mg/kg 

(HFS-Ci250 and HFS-Ci500). For each time point, values labeled with a * are significantly different from HFS 

(a; t-test) or HFS-Ctrl (b; DMRT) at p<0.05 

 

3.3 Effects of Mucilage Treatment on Biochemical Parameters in HFS-fed Rats 

Biochemical parameters investigated are presented in Figure 2 as well as in Table 2 and include the following: 

oral glucose tolerance, fasting plasma glucose, lipid profile, and atherogenic risk indices. 

3.3.1 Oral Glucose Tolerance 

During the oral glucose tolerance test (OGTT), postprandial plasma glucose variations were the same in all 

groups 30 minutes after glucose load (Figure 2a). However, postprandial plasma remained significantly higher in 

HFS-Ctrl and HFS-Ci250 groups 60 and 120 minutes after glucose load (Figure 2a). These groups also presented 

the highest values of total incremental plasma glucose (TIG) and relative glycemic index (RGI) as shown in 

Table 2. Treatment with mucilage at a dose of 500 mg/kg was effective in improving oral glucose intolerance by 

reducing TIG and RGI to values statistically similar to those obtained in SD-Ctrl and HFS-Fg500 groups (Table 

2). 

Table 2. Total incremental glucose (TIG) and relative glycemic index (RGI) during oral glucose tolerance test in 

HFS-fed rats treated with mucilage of C. inophyllum at doses of 250 and 500 mg/kg (HFS-Ci250 and 

HFS-Ci500) 

Group TIG
1
 (mg/dl) RGI

2
 (%) 

SD-Ctrl 97.66 ± 25.48
a
 100 

HFS-Ctrl 175.00 ± 19.15
b
 179.19 

HFS-Sat 96.00 ± 24.98
a
 98.30 

HFS-Ci250 164.50 ± 16.26
b,c

 168.44 

HFS-Ci500 94.67 ± 18.90
a
 96.93 

HFS-Fg500 104.00 ± 20.78
a,c

 106.49 
1Total incremental glucose: calculated for each rat as 𝑇𝐼𝐺 = ∑ ([𝑔𝑙𝑦𝑐𝑒𝑚𝑖𝑎]𝑖 − [𝑔𝑙𝑦𝑐𝑒𝑚𝑖𝑎]0

𝑡
𝑖=0 ) 

2Relative glycemic index: calculated for each group as 𝑅𝐺𝐼 =
𝑇𝐼𝐺𝑥

𝑇𝐼𝐺𝑆𝐷𝐶𝑡𝑟𝑙
× 100 

In the same column, values not sharing the same superscript letter are significantly different. (p<0.05, DMRT) 
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Figure 2. Biochemical parameters of rats fed a high-fat/high-sucrose diet (HFS) and treated with mucilage of C. 

inophyllum nuts at doses of 250 and 500 mg/kg (HFS-Ci250 and HFS-Ci500 respectively): (a) changes in plasma 

glucose concentration during oral glucose tolerance test; (b) fasting plasma glucose concentration; (c) lipid 

profile; (d) atherogenic risk indices. For each parameter or time point, values not sharing the same superscript 

letter are significantly different at p<0.05 (DMRT). IPG: incremental plasma glucose; FPG: fasting plasma 

glucose; TC: total cholesterol; TG: triglycerides; HDL-C: HDL-cholesterol; LDL-C: LDL-cholesterol 

 

3.3.2 Fasting Plasma Glucose 

Figure 2b presents fasting plasma glucose (FPG) of rats at the end of the study. FPG was significantly lower in 

all treated groups than in the HFS-Ctrl group (p<0.05). However, FPG in the latter group remained in the normal 

physiological range. 

3.3.3 Lipid Profile 

The plasma lipid profile of rats is presented in Figure 2c. HFS-Ctrl rats had the highest values of total cholesterol 

(TC), triglycerides (TG), and LDL-cholesterol (LDL-C). Concentrations of TC, TG as well as LDL-C in 

mucilage-treated rats were significantly lower than those in the HFS-Ctrl group (p<0.05) and comparable to 

those in the SD-Ctrl group. HDL-cholesterol concentrations were reduced in the HS-Ctrl group and 

mucilage-treated rats had HDL-C values close to those measured in the SD-Ctrl group. Cardiovascular risk 

indices calculated from lipid profile parameters are presented in Figure 2d. HFS diet consumption caused higher 

values of all cardiovascular risk indices in the positive control group (HFS-Ctrl). Indices values were reduced 

significantly by 500 mg/kg mucilage treatment at a point that they were comparable with those obtained in the 

negative control group (SD-Ctrl). 

4. Discussion 

This study aimed to assess the potential use of mucilage of Calophyllum inophyllum nuts as an effective agent in 

alleviating metabolic disturbances caused by a high-fat/high-sucrose diet in Wistar rats. 

While it is rational to think that a balanced and diverse diet will cover the intake of most needed nutrients and that 

a diet with plentiful fruits and vegetables, nuts and milk is likely to be healthy, the fact is that globally, the intake of 

macronutrients such as carbohydrate and fats have dominated the ‘risk-foods’ controversy. According to the World 

Health Organization, a poor diet (high in fat or sugar) is a risk factor for non-communicable diseases and 

promotes overweight as well as obesity (WHO, 2010). Therefore, current healthy diet guidelines recommend a 

low-fat diet (<30% of energy) (WHO, 2018) and a restriction of free sugar in the diet to less than 5% of total energy 

intake (WHO, 2015). It has been shown that a high-carbohydrate and high-fat diet can induce excess body fat 
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accumulation along with hypercholesterolemia and glucose intolerance in Wistar rats (Man & He, 2009). The 

HFS diet used in our study had a 34.21% higher energy content than the standard laboratory diet (Table 1); the 

percentage calories from lipids and sucrose (33.20% and 21.30% respectively) were above the amounts 

recommended by the World Health Organization. As a consequence, HFS diet consumption resulted in a 22.86% 

higher weight gain in rats (Figure 1). As suggested by other authors, the higher weight gain induced by HFS 

consumption is mainly the result of two metabolic processes: excess dietary fat storage (both central and peripheral) 

and endogenous lipogenesis from excess dietary carbohydrates (Man & He, 2009; Foufelle & Ferre, 2004). In our 

study, the high fat/high sucrose diet (HFS) had quite the same percentage of energy derived from carbohydrate 

intake as the standard diet (SD). An important difference between both diets was the percentage of energy derived 

from sucrose which was approximately 12 times higher in HFS than in SD (Table 1). These facts suggest that focus 

should not be made on the carbohydrate content of diet only but also on sucrose (or free sugars) content while 

assessing "risk nutrients" associated with metabolic syndrome (Ludwig, Hu, Tappy & Brand-Miller J, 2018). 

However, measuring dietary exposure of human beings to sucrose or other free sugars remains a challenge as no 

reliable biomarker of free sugars intake has been identified (Prentice, 2018; Lampe et al., 2016). As a consequence, 

the relative contribution of free or added sugar to the incidence of obesity is still unknown, even though the 

relationship of fructose and sugar to risk factors for cardiovascular disease and fatty liver has been described 

recently (Prentice, 2018). HFS-fed rats tended to lose body weight significantly when treated with nut mucilage 

of Calophyllum inophyllum at doses of 250 and 500 mg/kg (Figure 2a). Such observation is an illustration of the 

weight-loss properties commonly attributed to soluble dietary fibers like mucilages and gums (Dakam et al., 

2007; Boban et al., 2006; Enzi et al., 1980). It is recognized that the weight-loss properties of soluble fibers are 

closely linked to the viscosity when they are in contact with water molecules in the gut (Papathanasopoulos & 

Camilleri, 2010). Viscosity in the gut results in delayed gastric emptying and produces a faster sensation of 

satiety that leads to decreased food and energy intakes (Marlett et al., 2002). Moreover, viscosity in the small 

intestine causes a reduction in the absorption of nutrients such as lipids and carbohydrates, thus limiting their 

bioavailability and their subsequent contribution to body fat storage (Foufelle & Ferre, 2004; Marlett et al., 

2002). Viscosity appears to be the main feature explaining the weight loss observed in rats treated with mucilage 

of C. inophyllum in our study. 

Plasma postprandial glucose remained high till 120 minutes after glucose intubation in untreated HFS-fed rats 

with total incremental glucose 1.8 times higher than in SD-Ctrl rats during oral glucose tolerance test (OGTT). 

High and (or) persisting postprandial hyperglycemia characterizing glucose intolerance or poor glycemic control 

occurs early in the metabolic syndrome and type 2 diabetes (Petersen & Schulman, 2006). Therefore, we may 

reasonably state that HFS diet in this study caused an impairment of glycemic control in rats. Glycemic control 

in humans and animals is achieved essentially by the action of two pancreatic hormones with antagonistic effects: 

glucagon (hyperglycemic) and insulin (hypoglycemic). In overweight or obese patients, glycemic control 

impairment is a result of insulin resistance (Petersen & Schulman, 2006). Insulin resistance is characterized by a 

decrease in the sensitivity of peripheral tissues to insulin, mainly in striated skeletal muscle, liver, and adipose 

tissue as a result of steatosis caused by increased hepatic de novo fatty acids synthesis (Postic & Girard, 2008; 

Petersen & Schulman, 2006). As a consequence, the pancreas reacts by secreting more insulin which ensures 

temporary maintenance of blood glucose (Petersen & Schulman, 2006). Over time, the increase in insulin 

production is no longer able to compensate for insulin resistance, leading to a marked increase in postprandial 

blood glucose levels (Petersen & Schulman, 2006). Insulin resistance most often precedes type-2 diabetes which 

has a higher prevalence among overweight individuals (Field et al., 2001). In the present study, treatment with C. 

inophyllum nut mucilage improved glucose tolerance in HFS-fed rats especially at a dose of 500 mg/kg as 

evidenced by Figure 2a. Total incremental plasma glucose was reduced by 45.90 % as compared with the 

HFS-Ctrl group during OGTT. Regular consumption of mucilages and other soluble dietary fibers has been 

linked to improved glycemic control due to their delaying effect in gastric emptying which reduces glucose 

bioavailability (Marlett et al., 2002). 

Fasting plasma glucose (FPG) remained in the normal range in all HFS groups even though it was significantly 

higher in the HFS-Ctrl group (Figure 2b). Such observation was also made in other studies bearing on metabolic 

disturbances caused by a high fat and (or) high sucrose diets in rodents (Man & He, 2009). Human studies 

showed that fasting blood glucose may remain normal or moderately high whereas blood glucose in the 

postprandial state is abnormally high in many patients with metabolic syndrome (Petersen & Schulman, 2006). It 

has been hypothesized that fasting plasma glucose concentration may require a longer time to get affected by a 

high-fat/high-sucrose diet as the body primarily reacts to insulin resistance by compensatory mechanisms such as 

hyperinsulinism (Petersen & Shulman, 2006). In the liver (which is responsible for 75 to 85% of post-absorptive 

glucose production), insulin resistance is characterized by endogenous overproduction of glucose which 
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contributes to impairing glucose tolerance and increasing fasting plasma glucose (Gastaldelli et al., 2000). 

Glycemic index has been defined as the area under the glucose response curve after consumption of 50 g 

carbohydrate from a test food divided by the area under the curve after consumption of 50 g carbohydrate from a 

control food, either white bread or glucose (Ludwig, 2000). Lowering the glycemic index of diet improves 

glycemic control, which results in lower blood glucose concentration throughout the day, and improves glucose 

tolerance (Brand-Miller et al., 2009; Liu et al. 2000). On the contrary, high glycemic index diets have been 

directly associated with an increased risk of cardiovascular diseases as well as type 2 diabetes (Brand-Miller et 

al., 2009; Liu et al. 2000). In our study, treatment of HFS-fed rats with nut mucilage led to significantly lower 

relative glycemic index (RGI) values than in untreated HFS rats (Table 2). This suggests a potential protective 

effect of nut mucilage against cardiovascular diseases and type 2 diabetes. 

High fat/high sucrose diet (HFS) feeding resulted in significantly higher values of plasma lipids concentrations 

(total cholesterol, triglycerides, and LDL-cholesterol) as well as cardiovascular risk indices in rats (Figures 2c 

and 2d). Lipids in the body have two origins: exogenous (from the diet) and endogenous (synthesized by 

lipogenesis). Endogenous lipogenesis occurs mainly in the liver and the adipose tissue where it is 10 to 1000 

times higher as compared to other tissues (Hillgartner, Salati & Goodridge, 1995). Excess endogenous 

lipogenesis is a key contributor to obesity and MetS as it leads to excess body fat storage and increases the 

hepatic synthesis of cholesterol, triglycerides, and lipoproteins that are exported into the bloodstream (Foufelle 

& Ferre, 2004). The relationship between high-fat (and/or high-sucrose) diet consumption and impaired lipid 

profile has been evidenced over the years. HFS consumption results in markedly higher plasma concentrations of 

triglycerides and LDL-cholesterol in humans and rodents while HDL-cholesterol concentration is generally 

lower in such circumstances (Man & He, 2009). In a human cohort study, increased carbohydrate intake was 

associated with lower HDL-cholesterol and higher triglycerides, total cholesterol-to-HDL cholesterol ratio as well 

as higher ApoB-to-ApoA1 ratio (Mente et al., 2017). In the present study, treatment of HFS-fed rats with nut 

mucilage was able to reduce plasma lipids concentration (TC, LDL-C, and TG) to a level comparable with that of 

rats fed the standard diet (SD) as shown in Figures 2c and 2d. Several dietary fibers have been reported to lower 

blood cholesterol levels, especially that fraction transported by low-density lipoproteins (LDL) (Marlett et al., 

2002). Indeed, soluble fibers form a viscous matrix in the gut that traps bile acids and prevents their absorption 

from the ileum, thus increasing their fecal excretion (Marlett et al., 2002). As a result, LDL-cholesterol is 

removed from the bloodstream and converted into bile acids in the liver to replace those excreted in feces 

(Marlett et al., 2002). Over the past decades, some authors observed that soluble fibers-induced changes in the 

bile acid pool composition result in the reduction of endogenous cholesterol synthesis which is accountable for 

about ¾ of the total body cholesterol pool (Marlett et al., 1994; Hillman, Peters, Fisher & Pomare, 1986). Yet, 

viscosity is not the only soluble fiber feature that affects lipid profile. In the colon, soluble fibers undergo 

fermentation by naturally-occurring microorganisms, and such fermentation process yields short-chain fatty 

acids such as acetic, propionic, and butyric acids which are known to inhibit hepatic synthesis of cholesterol and 

fatty acids (Lecumberri et al., 2007). Reduced concentrations of LDL-c in HFS rats treated with nut mucilage are 

one of the beneficial aspects of this study. This observation is in line with the calculated cardiovascular risk 

indices which were all attenuated following intervention with the mucilage treatment (figure 2d). 

Mucilage-treated rats also had higher values of plasma HDL-c concentration than untreated rats as shown in 

Figure 2c. In a recent study of hypolipidemic effects of Cordia dichotoma fruits mucilage in high fat 

diet-induced hyperlipidemic rats, El-Newary et al. (2017) also noticed such increase in HDL-c and hypothesized 

that this would be due to an increase in activity of lecithin cholesterol acyltransferase (LCAT). LCAT is an 

enzyme that plays a key role in blood lipids regulation by incorporating free cholesterol into HDL to form 

HDL-c which is uptaken by liver cells (El-Newary et al., 2017). 

5. Conclusion 

Our results suggest that mucilage obtained from Calophyllum inophyllum nuts is effective in attenuating 

metabolic syndrome (MetS) features such as excess body weight, high fasting blood glucose and lipids, as well 

as glucose intolerance in rats fed a high-fat/high-sucrose (HFS) diet. These findings may have applications in the 

management of the human metabolic syndrome. It is noteworthy that rats of the HFS-Sat group which were fed 

the HFS diet initially and the standard diet afterward had normal values for all the assessments performed in the 

present study. This highlights once more the importance of a balanced diet as a means to prevent or address MetS 

features. 
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