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Introduction: Beilschmiedia (Lauraceae) is a pantropical genus of about 287 species, distributed in tropical Asia 
and Africa used in traditional medicines to cure many diseases. This study aimed to explore biological properties 
of Beilschmiedia obscura (B. obscura) on the prevention and management of metabolic syndrome (MetS) features 
induced by High Fat/High Sucrose (HF/HS) diet in rats as therapeutic option. 
Methods: MetS was induced after administration of HF/HS diet followed by administration of B. Obscura powder 
at 5% or 10% for 21 days, while the control group received a chow diet and distilled water and the positive 
control group received the HF/HS diet and distilled water. At the end of the experiment, rats were sacrificed; the 
parameters of lipid profile, markers of oxidative stress, antioxidant status were evaluated. 
Results: HF/HS diet successfully induced weight gain, oxidative stress and lipid profile disorders from rats. 
Treatment with powder of B. obscura at 10% than the 5% showed a reduction of body weight in treated groups 
and, anti-hyperlipidemic effect by improving lipid profile parameters. Triglycerides, Total cholesterol and LDL 
cholesterol levels were lower (p<0.05) and HDL-cholesterol levels higher in the treated groups compared to 
positive control. Inhibition of lipid peroxidation, and improvement protein thiols levels and catalase activity 
were also observed in treated groups. 
Conclusion: This study revealed that B. obscura whole plant was efficient in reducing biomarkers involved in 
metabolic syndrome and could efficiently help in its management by preventive effect.   

1. Introduction 

The incidence of cardiometabolic disorders is increasing all over the 
world with close to 1/3 of death attributed to cardiovascular diseases 
[1]. Africa, earlier colonized by proliferation of infectious diseases, is 
nowadays also facing high mortality and morbidity rate, because of 
rapid urbanization, changes in eating habits and lifestyles among pop
ulations. These modifications lead to metabolic syndrome (MetS). Mets 
is defined as constellation of interconnected physiological, biochemical, 
clinical and metabolic factors which directly increase the risk of car
diovascular disease (CVD), type 2 diabetes mellitus (T2DM) with high 
mortality [2]. Although the causes of MetS are not fully understood, but 
it plays a central role of visceral adiposity and insulin resistance (IR) 
involved in the pathophysiology. Also, obesity and T2DM are associated 

with systemic oxidative stress, adipokine imbalance and reduced anti
oxidant defenses, leading to dyslipidemia such as hypercholesterolemia, 
hypertriglyceridemia which are closely related to vascular disease and 
hepatic steatosis [3]. The availability of animal models mainly rodents 
that mimics human MetS when fed on carbohydrate- and fat-rich dietary 
components have been used to induce the signs and symptoms of MetS 
[4]. In fact, high level of caloric intake has been associated with many 
diet-induced complications, including MetS, hypertriglyceridemia, CVD 
and non-alcoholic fatty liver disease (NAFLD) making the in vivo assays 
possible [5]. 

Drugs currently used in the treatment of MetS apart from the known 
side effects, fail to be efficacious on all the individual components at the 
same time. For instance, the drugs currently used as antidiabetic med
icines include synthetic agents such as biguanides, thiazolidinediones, 
insulin sensitizers and insulin showed considerable side effects like 
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hypoglycemia, drug resistance, dropsy and weight gain as well as 
limited hypolipidemic, anti-inflammatory and antioxidant activities [6]. 
These drugs also have diverse and variable effects on hypertension and 
other individual components of MetS [7]. Efforts are being made to 
search new effective, cheaper and more available drugs or drug com
bination to face this growing public health challenge. The alternative 
treatment based on the use of plants, herbs spices and other functional 
foods with better effectiveness and lower toxicity, accepted as valuable 
resources for primary healthcare by the World Health Organization 
(WHO) are being explored [8]. 

Many plants from Cameroonian pharmacopeia tested on animal 
models including Cucurbitaceae seeds (protein-rich) were reported to 
have hypoglycaemic activity in diabetic animals [9]. A more recent 
study showed that Tetrapleura tetraptera spice demonstrates the 
anti-insulin resistance, antilipidemic, anti-obesity, hypotensive and 
anti-inflammatory properties in the management of MetS such as 
obesity, T2DM and hypertension [10]. Also, it has been demonstrated 
that food fibers consumption, like Fenugreek and gum guar have shown 
benefit effects in management of obesity and diabetes advised within the 
framework of food balance and for their therapeutic properties [11]. 
Irvingia gabonensis, Hibiscus esculentus, other sources of soluble fibers 
usually intervene in the management of obesity and the diabetes [12]. 

Beilschmiedia (Lauraceae) is a pantropical genus of about 287 species, 
distributed in tropical Asia and Africa. The bark and leaves of some 
Beilschmiedia species are used in traditional medicine [13]. Recently 
B. obscura was demonstrated to be efficacious against infectious diseases 
caused by Gram-negative bacteria [14]. This work aimed at evaluating 
the effect of B. obscura powders on HF/HS diet induced MetS on rats. 

2. Material and methods 

2.1. Collection, identification and preparation of powder of plant 

The seeds of B. obscura were purchased at the Abong Mbang market 
in the East region of Cameroon. The material collected was identified at 
the national herbarium with a voucher number 2102/SRFR. 

The seeds collected were washed, dried and crushed with a blender 
(PHILIPS) until the powder was obtained. 

2.2. Design and experimental protocol 

The study was carried out with twelve week old male Albino Wistar 
rats, weighing average 200g. The rats were randomly assigned in four 
(4) groups of five (5) rats each, with free access to water and food ad 
libitum. After one week acclimatization, rats were randomly assigned:  

- Negative Control: receiving a chow diet;  

- Positive Control (PC): receiving HF/HS diet,  
- Assay 1: receiving HF/HS diet and powder of B. obscura 5%  
- Assay 2: receiving HF/HS diet and powder of B. obscura 10%. 

HF/HS diet was prepared according to the mixture described in 
Table 1 [15]. 

All groups received a daily treatment every morning in experimental 
diet. In order to follow the variation of the body weight, animals were 
weighed once per week using a sensitive scale. After 21 days of exper
imentation, overnight fasting rats were sacrificed by cervical dislocation 
under anesthesia with diethyl-ether and blood was collected in EDTA 
tubes for plasma and erythrocyte hemolysates preparation and stored at 
− 20 ◦C until use. Heart, liver and kidney were collected, carefully 
washed and rinsed with ice-cold saline (0.9% NaCl) for the preparation 
of homogenates. 

2.3. Biochemical analysis 

2.3.1. Measurement of lipid profile parameters 
For evaluation of lipid profile, total cholesterol (TC), total tri

glycerides (TG) and total HDL-cholesterol (HDL-c) were estimated using 
standard kits (Chronolab). Low Density Lipoprotein Cholesterol (LDL-c) 
concentration was calculated using a Friedwald formula [16]: LDL-c =
TC - (HDL-c + TG/5). 

2.3.2. Evaluation of oxidative stress markers 
2.3.2.1. Lipid peroxidation: Lipid peroxidation was estimated as 

lipid hydroperoxides [17] and thiobarbituric reactive substance 
(TBARS) by measuring the pink colored chromophore formed by the 
reaction of thiobarbituric acid with malondialdehyde (MDA) [18]. 

2.3.2.2. Protein thiols: The amino acids containing thiol groups and 
sulphur are the most susceptible site for ROS action. The protein thiols 
content was estimated by method based on the development of a yellow 
color when DTNB was added to compounds containing sulfhydryl 
groups [19]. 

2.3.2.3. Catalase activity: Catalase is one of the most antioxidant 
enzyme which decomposes hydrogen peroxide to water and oxygen. 
Catalase activity was assayed using hydrogen peroxide as substrate. The 
activity was expressed in U/g protein. The CAT unit (UCAT) is defined as 
the enzyme concentration required converting 1 mmol of hydrogen 
peroxide in 1 min [20]. 

2.4. Statistical analysis 

Results were expressed as mean ± standard error mean. Statistical 
analysis was carried out using Statistical Package for Social Science 
(SPSS) 16.0 for Windows. The normality of value was checked using 
Kolmogorov-Smirnov. The difference between different groups of 
treatment was analyzed by ANOVA (One-way) following Turkey’s post 
test. Results were significant for p < 0.05. 

Abbreviations 

CSF Cerebrospinal fluid 
CVD Cardivascular disease 
FFA Free fatty acid 
HDL-c High density lipoprotein cholesterol 
HEE Hydroethanolic extract 
HF/HS High fat/high sucrose 
HMG-CoA Hydroxy-3-methylCoA 
LDL-c Low density lipoprotein cholesterol 
MDA Malondialdehyde 
MetS Metabolic syndrome 
T2DM Type 2 diabetes mellitus 
TC Total cholesterol 
TG Triglycerides  

Table 1 
Composition of high fat/high sucrose diet.  

Composition Chow diet % High fat/high sucrose diet (%) 

Corn starch 53 35 
Sucrose 14.74 20 
Proteins 19.25 15 
Lipids 5.7 20 
Vitamins 0.3 1.5 
Mineral salts 3.21 3.5 
Fibers 3.8 5 
Energy 3.40 4.64  
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3. Results 

3.1. Effect of B. obscura on body weight of HF/HS diet fed rats 

The gain of body is an indicator weight of effect of HF/HS on the 
development and management of obesity. Feeding animals with HF/HS 
diet triggered an increase in body weight in the positive control group 
compared to the negative control. Reduction of body weight was 
observed in all the groups treated with supplementation of B. obscura 
compared to the positive control and the negative control. A 10% sup
plementation was very efficient in reduction body weight from day 5 to 
day 21 (1.77%) (Fig. 1). 

3.2. Effect of B. obscura on plasma blood lipids and oxidative stress 
markers on HF/HS diet induced MetS on rats 

Administration of B. obscura powder supplementation (5% and 10%) 
with HF/HS diet efficiently reduced TC, TG and LDL-c and increase HDL- 
c levels. In addition, B. obscura was more efficient at 10% supplemen
tation compared to control and groups treated at 5% (Table 2). 

In terms of cardiovascular risk, the HF/HS diet created an increase in 
atherosclerotic risk markers. A supplementation of B. obscura led to a 
decrease in cardiovascular risk. There was a significant decrease of the 
atherogenic index (TC/HDL-c; TG/HDL-c; log TG/HDL-c) with supple
mentation (Table 3). 

3.3. Effect of B. obscura on plasma and tissue oxidative stress markers on 
HF/HS diet induced MetS rats 

The administration of HF/HS diet increased MDA levels compared in 
the positive control group compared to the negative control group. 
Supplementation of deleterious diet by powder of plant (10%) protects 
against lipid peroxidation and reduced MDA levels. In addition, sup
plementation of deleterious diet by powder of plant (5% and 10%) 
increased enzymatic (catalase activity) and non-enzymatic (protein 
thiols) antioxidant systems (Table 4). 

Administration of HF/FS diet caused an increase of cardiac and renal 
secondary products of the lipid peroxidation in the positive control 
group. Associated with it, there was a decrease in the markers of non- 
enzymatic antioxidant system and an increase of catalase activity in 
the liver and kidneys. The increase of lipid peroxidation markers with 
supplementation has been observed. The beneficial effects with cardiac 
and kidney protein thiols markers were noted. Also, catalase activity 
decreased in the liver and heart but increased in the kidney (Table 4). 

Fig. 1. Effect of supplementation of B. obscura whole plant on body weight of 
rats fed with HF/HS diet 
PC: positive Control, NC: Negative Control, HF/HS: high fat/high sucrose. 

Table 2 
Effect of B. obscura on plasma blood lipids and oxidative stress markers on HF/ 
HS diet induced diabetic rats.   

Biomarkers 
Groups 

Negative 
control 

Positive 
control (HF 
/HS diet) 

HF /HS diet 
+5% 
B. obscura 

HF /HS diet 
+10% 
B. obscura 

TC (mg/dL) 119.70 ±
5.02 

163.80 ±
8.07*a 

123.80 
±18.74b 

112.60 ± 6.45 
b 

TG (mg/dL) 45.33 ±
2.33 

80.60 ±9.48 
*a 

67.20 ± 5.62 b 54.40 ± 3.37 b 

HDL-c (mg/ 
dL) 

70.50 ±
3.50 

36.40 ±1.99 
*a 

57.60 ± 6.18 b 50.20 ± 6.86 c 

LDL-c (mg/ 
dL) 

39.60 ±
5.24 

111.20 ±
9.58* a 

52.76 ± 23.68 
b 

51.52 ± 10.63b 

Values shown are mean ± SEM (n=5) *= p<0.05 significant between negative 
and positive control; a,b,c= p<0.05 significant between positive control and 
different groups treated by B. obscura. 

Table 3 
Preventive effect of B obscura on cardiovascular risk.   

Biomarkers 
Groups 

Negative 
control 

Positive 
control (HF 
/HS diet) 

HF /HS diet 
+5% B. obscura 

HF /HS diet 
+10% 
B. obscura 

CT/HDL 1.70 ±
0.09 

4.58 ± 0.41*a 2.39 ±0.66b 2.46 ± 0.45 b 

TG/HDL 0.64 ±
0.04 

2.22 ± 0.24 *a 1.23 ±0.18 b 1.20 ± 0.22 b 

log TG/ 
HDL 

0.19 ±
0.02 

0.34 ± 0.05 *a 0.07 ± 0.02 b 0.05 ± 0.02 b 

Values shown are mean ± SEM (n=5) *= p<0.05 significant between negative 
and positive control; a,b= p<0.05 significant between positive control and 
different groups treated by B. obscura. 

Table 4 
Effect of B. obscura on tissue oxidative stress markers on high fat/high sucrose 
diet induced diabetic rats.  

Organs Biomarkers Negative 
control 

Positive 
control 
(HF /HS 
diet) 

HF /HS diet 
+5% 
B. obscura 

HF /HS diet 
+10% 
B. obscura 

MDA 
(μmol/L) 

Plasma 1.40 ±
0.09 

6.85 ±
0.25*a 

6.02 ±
0.43a 

4.93 ± 0.44 
b 

Liver 2.01 ±
0.05 

0.40 ±
0.04*a 

0.41 ± 0.03 
a 

0.39 ± 0.04 
a 

Heart 3.71 ±
0.03 

6.26 ±
0.16*a 

7.18 ± 0.31 
b 

7.34 ± 0.55 
b 

Kidney 2.39 ±
0.16 

6.68 ±
0.59*a 

9.45 ±
0.90b 

7.52 ± 0.85 
c 

Protein 
thiols 
(μmol/g 
protein) 

Plasma 5.00 ±
0.41 

5.25 ±
0.33a 

7.00 ± 0.66 
b 

8.42 ± 0.08 
c 

Liver 4.64 ±
0.06 

2.81 ±
0.40* a 

2.43 ± 0.34 
a 

2.46 ± 0.47 
a 

Heart 4.18 ±
0.23 

3.65 ±
0.72 a 

4.17 ± 0.61 
a 

3.11 ± 0.84 
a 

Kidney 3.50 ±
0.09 

1.76 ±
0.41* a 

2.37 ± 0.44 
b 

1.51 ±
0.29a 

Catalase 
activity 
(U/g 
protein) 

Plasma 2.10 ±
0.01 

5.30 ±
1.53*a 

2.96 ± 0.42 
b 

13.27 ±
0.59 c 

Liver 1.85 ±
0.06 

5.63 ±
1.73 *a 

3.89 ± 1.20 
b 

5.92 ± 0.91 
a 

Heart 2.76 ±
0.19 

2.12 ±
0.31 a 

1.20 ± 0.45 
b 

1.28 ±
0.22b 

Kidney 1.66 ±
0.01 

2.54 ±
0.84 a 

0.98 ±
0.28b 

3.56 ± 0.98 
c 

Values shown are mean ± SEM (n=5) *= p<0.05 significant between negative 
and positive control; a,b,c= p<0.05 significant between positive control and 
different groups treated by B. obscura. 
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4. Discussion 

The current study was investigated the protective effect of powder of 
Beilschmiedia obscura on metabolic syndrome (MetS) induced by high 
fat/high sucrose diet on rats. MetS is a range of cardiovascular factors 
risk increasing the development of diabetes, cardiovascular diseases. 
The treatment of MetS is difficult as result of side effects associated to 
treatment of each of its individual components. To solve the problem, 
the search of optional treatments such as remedies from herbal medi
cines is still a great challenge [21]. Certain secondary metabolites of the 
plants have shown beneficial effects by decreasing the rate of plasma 
glucose and lowering lipid profile in MetS acting therefore at different 
levels of etiology of the syndrome. Several studies have shown that 
treatment by antioxidants prevent and decrease the risks of the com
plications and other individual components of MetS. In this context, a 
recent interest was considered to use of the bioactive compounds of 
plants as tools [7]. 

HF/HS diet used is a model of induction of MetS in animal model that 
mimics Human feature of the disease. This diet leads to increase body 
weight, dyslipidemia and other features of MetS and is recommended for 
his animal studies. The mechanism by which fructose increases weight is 
likely via its ability to stimulate hunger, block satiety responses, and 
reduction in resting energy expenditure in overweight and obese sub
jects. Henceforth, weight gain observed in this study was driven pri
marily by increased energy intake from fat and reduced metabolism rate 
as a consequence of high fructose from sucrose intake induced leptin 
resistance in rats [10]. 

The significant increase of weight could be explained by the fact that 
carbohydrates are known to induce hyperinsulinemia, state which in
creases the accumulation of fat by activation of lipoprotein lipase of 
adipocytes [22]. The reduction of body weight observed with 10% 
supplementation of B. obscura could result from the inhibition of the 
lipoprotein lipase. Indeed, B. obscura is a food fiber and many studies 
revealed that consumption of dietary fibers is associated to a reduction 
of body weight [23]; and can also affect satiety which results in the 
reduction of dietary intake. These results corroborate those obtained on 
Irvingia gabonensis [12]. 

The assessment of the lipid profile became crucial via its use in the 
treatment/management of MetS and several CVD [24]. Many studies 
reported that the cardiovascular complications associated with MetS, 
diabetes are due to disturbances in lipid metabolism [ref]. The results of 
this study showed that HF/HS diet led not only to a significant increase 
in glycemia and body weight, but also led to an increase (P<0.05) in TC, 
TG and LDL-c but with a reduction in HDL-c levels in accordance to 
findings of [25]. In fact, hyperlipidemia and related-tissue steatosis are 
among the most characteristic features of T2DM and MetS. 

These are also two major risk factors that contribute to the patho
genesis of cardiovascular diseases. According to literature, administra
tion of HEE of Tetrapleura tetraptera (200 mg/kg) reduced the serum 
level of TG, TC, Free Fatty Acid (FFA) and increase that of the HDL-c 
[10]. This result confirms the hypolipidemic activity of B. obscura. The 
hyperlipidemia observed can be explained by insulin deficiency which 
inhibits the 3-hydroxy 3-methyl glutamyl coA reductase (HMG-coA 
reductase) involved in the biosynthesis of cholesterol [26]. Diet sup
plementation with B. obscura improves these parameters as shown in 
Table 1 with an increase of HDL-c, a reduction of TC, TG and LDL-c in 
treated groups. High levels of these markers increase their susceptibility 
to oxidation by the free radicals [27] thus producing oxidized LDL-c 
endowed with pro-atherogenic properties. This improvement of lipid 
profile could be attributed to the presence of saponins [28]; and soluble 
fibers contained in the plant. In fact, because of its viscosity, B. obscura 
could bind to bile salts interrupting the entero-hepatic cycle, promoting 
elimination of exogenous and endogenous cholesterol. 

The rise in TC and the LDL-c is associated to an increase of cardio
vascular risk in a curvilinear way. A low concentration of HDL-c can be 
considered as an additional risk factor, whereas high concentration of 

HDL-c is a protection factor. Compared to the positive control, supple
mentation of B. obscura induced a reduction in the cardiovascular risk in 
treated groups. 

Studies showed that a HF/HS diet led to an increase cholesterolemia 
and triglyceridemia. Hypercholesterolemia increases levels of reactive 
oxygen species which can initiate the lipid peroxidation and damage in 
DNA, thus leading to carcinogenesis and cellular death if the antioxidant 
system is unbalanced [29]. In the present study, a significant increase 
(p<0.05) in MDA has been noted in HF/HS rats as well as a significant 
increase of hydroperoxides. These high levels of MDA could be due to 
the oxidative damage at the cellular level. Moreover, during the lipid 
peroxidation, MDA are generally most abundant, very reactive with 
respect to thiols and amines groups. These peroxidative compounds bind 
to proteins, deteriorating cellular homeostasis and thus inducing 
apoptosis [30]. 

Supplementation of B. obscura decreases these markers by their 
antioxidant capacity. Similar results were observed which implied that 
CSFs had beneficial anti-diabetic effects by regulating the lipid meta
bolism and eliminating the oxygen radicals, which protected the or
ganism’s metabolism and repaired the antioxidant capacity [7]. 
Furthermore, the protein thiols intervene to reinforce the principal 
antioxidant system of the body which is glutathione when this one is 
overflowed by the oxidized agents. The depletion of protein thiols and 
catalase activity could then reflect and justify the increase in their use to 
fight against the oxidized agents [31]. 

5. Conclusion 

B. obscura used as whole plant supplement at 10% in HF/HS diet is 
able to reduce body weight, glyceamia, improved markers of antioxidant 
status, correct the lipid profile and reduce the cardiovascular risk. 
Therefore, B. obscura powders can be used in the prevention and man
agement of MetS and its complications.Thus it could be used as func
tional food to prevent or slow the progression of T2DM and its 
complications through a reduction in glyceamia, blood lipids and 
oxidative stress markers. However, further studies are required to assess 
the mechanisms of antidiabetic activities of this plant and included two 
additional group receiving diet of either HF or HS. 
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F.E. Mbappe et al.                                                                                                                                                                                                                              



Metabolism Open 13 (2022) 100156

5

Declaration of competing interest 

Authors have no conflicting interests. 

Acknowledgements 

We wish to thank the CRAN/IMPM for their technical contribution 
on this work. 

References 

[1] World Health Organization. Cardiovascular Disease: on world heart day who call 
for accelerate action to prevent the world’s leading global killer. Report 2017: 
1–103. 

[2] Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res Pract 2014: 
1–21. 

[3] O’Neill S, O’Driscoll L. Metabolic syndrome: a closer look at the growing epidemic 
and its associated pathologies. Obes Rev 2015;16:1–12. 

[4] Panchal SK, Brown L. Rodent models for metabolic syndrome research. J Biomed 
Biotechnol 2011:351982. https://doi.org/10.1155/2011/351982. 

[5] Sayin FK, Buyukbas S, Basarali MK, Alp H, Toy H, Ugurcu V. Effects of Silybum 
marianum extract on high-fat diet induced metabolic disorders in rats. Pol J Food 
Nutr Sci 2016;66(1):43–50. 

[6] Khan HB, Vinayagam KS, Moorthy BT, Palanivelu S, Panchanatham S. Anti- 
inflammatory and anti-hyperlipidemic effect of Semecarpus anacardiumin a High fat 
diet: STZ-induced Type 2 diabetic rat model. Inflammopharmacology 2013;21: 
37–46. 

[7] Zhang Y, Feng F, Chen T, Li Z, Shen Q. Antidiabetic and antihyperlipidemic 
activities of Forsythia suspense (Thunb.) Vahl (fruit) in streptozotocin-induced 
diabetes mice. J Ethnopharmacol 2016;192:256–63. 

[8] Rochlani Y, Pothineni N, Kovelamudi S, Metha J. Metabolic syndrome: 
pathophysiology, management, and modulation by natural coumpounds. Ther Adv 
Cardivasc Dis 2017;11(8):2015–25. 

[9] Teugwa C, Mejiato P, Zofou D, Tchinda B, Fekam F. Antioxydant and antidiabetic 
profile of two African medicinal plants: Picralima nitida (Apocynaceae) and Sonchus 
oleraceus (Asteraceae). BMC Compl Alternative Med 2013;13:175. https://doi.org/ 
10.1186/1472-6882-13-175. 

[10] Kuate D, Nouemsi KAP, Nya BCP, Azantsa KGB, Abdul MBWM. Tetrapleura 
tetraptera spice attenuates high-carbohydrate, high-fat diet-induced obese and type 
2 diabetic rats with metabolic syndrome features. Lipids Health Dis 2015;14:50. 
https://doi.org/10.1186/s12944-015-0051-0. 

[11] Chen JP, Chen GD, Wang XP, Qin L, Bai Y. Dietary fiber and metabolic syndrome: a 
meta-analysis and review of related mechanisms. Nutrients 2018;10(24):1–17. 

[12] Ngondi J, Fossouo Z, Djiotsa E, Oben J. Glycaemic variations after administration 
of irvingia gabonensis seeds fractions in normoglycemic rats. Afr J Trad CAM 2006; 
3(4):94–101. 

[13] Salleh MNHW, Ahmad F, Yen KH, Zulkifli RM. A review on chemical constituents 
and biological activities of the genus Beilschmiedia (Lauraceae). Trop J 
Pharmaceut Res 2015;14(11):2139–50. 

[14] Fankam AG, Kuiate JR, Kuete V. Antibacterial activities of Beilschmiedia obscura 
and six other Cameroonian medicinal plants against multi-drug resistant Gram- 
negative phenotypes. BMC Compl Alternative Med 2014;14:241. https://doi.org/ 
10.1186/1472-6882-14-241. 

[15] Shoumin X, Weidong Y, Zongbao W, Masataka K, Xin L, Tomonari. A minipig 
model of high-fat/high-sucrose diet-induced diabetes and artherosclerosis. Int J 
Exp Pathol 2004;85:223–31. 

[16] Friedewald W, Levy R, Fredrickson D. Estimation of concentration of low density 
lipoproteins in plasma without use of ultracentrifuge. Clin Chem 1972;18:449–502. 

[17] Jiang ZY, Hunt JV, Wolft SD. Ferrous ion oxidation in the presence of xylenol 
orange for detection of lipid hydroperoxide in low density lipoprotein. Anal 
Biochem 1992;202:384–9. 

[18] Yagi K. Simple Fluorometric Assay for lipoperoxyde in blood plasma. Biochemical 
medecine 1976;15:212–6. 

[19] Ellman GL. Tissue sulfhydryl group. Arch Biochem Biophys 1959;8:70–7. 
[20] Sinha KA. Colorimetric assay of catalase. Anal Biochem 1972;47:389–94. 
[21] Surya S, Salam AD, Tomy DV, Carla B, Kumar RA, Sunil C. Diabetes mellitus and 

medicinal plants-A review. Asian Pac J Trop Dis 2014;4:337–47. 
[22] Goossens GH. The metabolic phenotype in obesity: fat mass, body fat distribution, 

and adipose tissue function. Obes Facts 2017;10:207–15. 
[23] Delzenne NM, Cani PD. A place for dietary fibre in the management of the 

metabolic syndrome. Curr Opin Clin Nutr Metab Care 2005;8:636–40. 
[24] Orozco-Beltran D, Gil-Guillen VF, Redon J, Moreno JMM, Pallares-Carratala V, 

Navarro-Perez J, et al. Lipid profile, cardiovascular disease and mortality in a 
Mediterranean high-risk population: the escarval-risk study-on behalf of escarval 
study group. PLoS One 2017;12(10):e0186196. https://doi.org/10.1371/journal. 
pone.0186196. 

[25] Zhou X, Han D, Xu R, Li S, Wu H, Qu C, et al. A model of metabolic syndrome and 
related diseases with intestinal endotoxemia in rats fed a high fat and high sucrose 
diet. PLoS One 2014;9:e115148. https://doi.org/10.1371/journal.pone.0115148. 

[26] Betteridge DJ. Diabetic dyslipidemia. Diabetes Obes Metabol 2002;2(1):31–6. 
[27] Delattre J, Thérond P, Bonnefont-Rousselot D. Espèces réactives de l’oxygène, 
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