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Abstract
Cardiovascular disease has become a disease of global concern. The present study investigated the effect of an 

Irvingia gabonensis - supplemented diet on cardiovascular disease risk. 24 male albino rats divided into 4 groups of 6 
animals each were used. Diets containing varying amounts of Irvingia gabonensis seeds were prepared and fed to the 
rats for 4 weeks. Lipid profiles of the plasma total cholesterol, triacylglycerol, high-density liporotein (HDL) cholesterol 
and low density lipoprotein (LDL) cholesterol were determined. Generally, Irvingia gabonensis supplementation in diets 
resulted in reduced organ/body weight ratios. Total cholesterol, LDL-cholesterol levels and artherogenic indices were 
significantly reduced. The results of this study indicate that Irvingia gabonensis consumption has athero-protective 
potential as evidenced in the reduction in atherogenic indices in the rats. Results also suggest that the mechanism 
involved may be through reduction in cholesterol synthesis and transport to the peripheral tissues as observed in the 
decrease in LDL-cholesterol.
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Introduction
Atherosclerosis and its complications are a major cause of 

morbidity and mortality in both developed and developing nations. 
Atherosclerosis begins with damage to the artery caused by elevated 
levels of cholesterol and triacylglycerol in the blood, as well as high blood 
pressure. Aberrant regulation of lipid and lipoprotein homeostasis can 
lead to atherosclerosis [1-3].

Several clinical and epidemiological studies indicate a role for 
high-density lipoproteins (HDL) in protection against atherosclerosis 
and heart disease. Plasma levels of high-density lipoprotein (HDL) 
cholesterol are invariably found to be inversely associated with the 
risk of atherosclerosis [4-6]. Various pathways have been suggested to 
be involved in the molecular and physiological mechanisms by which 
HDL protects against atherosclerosis. Firstly, this protective effect has 
classically been ascribed to HDL-mediated reverse cholesterol transport 
(RCT), a multistep process which involves the removal of cholesterol 
from cells in peripheral tissues (e.g., macrophages and foam cells in the 
artery wall), and its delivery to the liver. HDL-associated cholesterol 
is converted to cholesteryl ester by lecithin cholesterol acyltransferase 
(LCAT) [7,8]. In addition, HDL is a carrier of antioxidant vitamins such 
as α-tocopherol (vitamin E), which helps to protect cells against the 
harmful effects of reactive oxygen species [9,10]. HDL is also associated 
with enzymes such as paraoxonase (PON) and platelet activating 
factor acylhydrolase (PAF-AH) that may play important roles in the 
removal of oxidized lipids from other lipoproteins such as low-density 
lipoprotein (LDL) [11–13]. HDL also triggers signaling events within 
cells leading to diverse consequences, including the activation of 
endothelial nitric oxide synthase (eNOS) and protection of cells in the 
vascular wall against apoptosis, processes which have been associated 
with protection against atherosclerosis [14–23].

Potential strategies including therapeutic and dietary approaches 
that increase the levels of HDL, augment its anti-atherogenic properties, 
and promote reverse cholesterol transport (RCT) are considered 
particularly desirable [3,24]. The relationship between dietary fats, 
and health and disease is one of the most active areas of biochemical, 
nutritional, and medical research. However the role of dietary fat in 
health and disease remains one of considerable controversy.

Studies on some African nuts have found them beneficial in 
lowering undesirable LDL-cholesterol and possessing athero-protective 
properties. Irvingia gabonensis is one of such plants. This fruit tree 
species from the Irvingicaea family is found naturally in the tropical 
forests of Angola, Nigeria, Congo, Uganda and Cote d’Ivoire, in Africa 
[25]. It is commonly grown in West African countries including Nigeria, 
Southern Cameroon, Ghana and Benin.

Irvingia gabonensis seed has nutritive, medicinal and industrial 
uses. It is rich in fat and protein. The seeds are richer in lipids than other 
oil seeds and legumes: soyabeans, rapeseed, cotton seed, groundnut and 
melon. The seeds act as source of human food and constitute important 
part of the diet in Nigeria. The seeds are ground and used as thickening 
agents in soups. Other parts of the tree, like the bark and the leaves have 
been used as purgatives and in gastrointestinal conditions and for sore 
and wound healing. The oil can be processed into soap, cosmetics or 
pharmaceuticals [25,26].

Some earlier studies have shown the inhibitory effects of Irvingia 
gabonensis on erythrocyte membrane adenosine triphosphatase in 
diabetics. It has been shown that the seed and oil free seed powder 
has hypoglycemic effect and has been used for the treatment of type 
II diabetes [27-29]. The in vitro hepatoprotective effects of the crude 
extract of Irvingia gabonensis and some isolated metabolites have 
also been examined [30]. However, there is paucity of information 
on diet based dose – effect studies on Irvingia gabonensis. Therefore, 
this research was carried out to investigate the effects of various 
concentrations of Irvingia gabonensis – supplementation in the diet on 
lipid metabolism of male albino rats.
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Materials and Methods
Chemicals

Commercial Kits used for Cholesterol and Triacylglycerol 
determination were obtained from Randox Laboratories Limited, 
United Kingdom. All other chemicals used in this study were of the 
purest analytical grade available.

Collection of the samples

African Mango seeds were supplied by a recognised farm produce 
merchant, at Sango Market, East of Ogun State, Nigeria. The seeds were 
dried, ground and stored in a dry plastic container prior to analysis.

Proximate composition

Moisture, crude fat and dry matter content were determined 
according to the standard methods of Association of Official Analytical 
chemists, (A.O.A.C.,) [31]. Nitrogen was determined by the micro-
kjeldahl method as described by Pearson [32] and the result was used 
for estimating crude protein content by multiplying by 6.25. The ash 
content was determined using the method described by Pearson [32].

Phytochemical composition

Quantitative determinations of the following constituents were 
done. Alkaloids were estimated by methods of Harbourne [33], 
Anthocyanins by Sims and Gamon [34], Cardiac glycoside by Trease 
and Evans [35], Carotenoid by Sims and Gamon [34], Flavonoid by Bao 
et al. [36] and total phenolic content by Singleton et al. [37] and Tannins 
by Van Burden and Robinson [38].

Experimental diets

The experimental diets were prepared as described in Tables 1 
and 2. The constituents were mixed together thoroughly to achieve 
homogeneity and pelletized. They were dried in the oven and stored at 
room temperature until needed.

Experimental protocol

Male albino rats weighing 100 g to 150 g were obtained from 

the animal house of the Department of Biochemistry, University of 
Ibadan, Ibadan. They were kept in standard cages in the animal house, 
Department of Biochemistry, Bells University of Technology, Ota and 
given access to normal rat chow and clean water. They were acclimatized 
and maintained on a 12 hr light–dark cycle for 14 days before the start 
of the experiment and the quantity of feed consumed was measured per 
cage. The animals were then assigned into 4 groups of 6 animals each 
and were fed the control and test diets for 28 days with water ad libitum. 
Body weights of animals were measured weekly with an electronic scale 
and food consumption monitored throughout the experimental period. 
Thereafter, the rats were sacrificed and plasma and lipoproteins of the 
rats were assessed for cholesterol and triglyceride analyses.

Biochemical analyses

Plasma and lipoprotein lipid profiles: Plasma concentrations of 
total cholesterol and triacylglycerol were determined with commercial 
kits (Randox Laboratories Limited, United Kingdom). High density 
lipoprotein (HDL) cholesterol and triacylglycerol were determined in 
plasma with same commercial kits for total cholesterol and triacylglycerol 
after very low density lipoproteins (VLDL) and Low density lipoprotein 
(LDL) were precipitated by addition of phosphotungstic acid in the 
presence of magnesium ions using commercial kit (Randox Laboratories 
Limited, United Kingdom). LDL cholesterol values were extrapolated 
according to the methods of Friedewald et al. [39].

Lipid peroxidation assay and protein level estimation: Protein 
concentration of plasma was estimated by Biuret method [40] which 
involves the addition of potassium iodide to prevent precipitation of 
copper ions. Briefly, 0.5 ml of sample was pipette into a test tube and 4.5 
ml of Biuret reagent was added to the sample and allowed to stand for 
30 minutes. The absorbance was then measured against reference blank 
at 545 nm using spectrophotometer. Lipid peroxidation in plasma 
was estimated by measuring thiobarbituric acid reactive substances 
produced during lipid peroxidation as described by Varshey and 
Kale [41]. Briefly, 0.2 ml of sample was added to 0.8 ml of phosphate 
buffer and 0.5 ml of 10% trichloroacetic acid was added. 0.5 ml of 
0.75% thiobarbituric acid was added and placed in water bath for 45 
minutes at 80°C, cooled in ice and centrifuged at room temperature for 
10 minutes at 3000 rpm. The absorbance of the clear supernatant was 
measured against reference blank at 532 nm using spectrophotometer.

Statistical analysis

Data are expressed as mean ± S.E.M. One way analysis of variance 
(ANOVA) followed by Duncan Multiple Comparisons was used to 
analyse the results with p<0.05 considered significant.

Results
Table 1 shows the composition of the control diet. The summary of 

the control and test diets is shown in Table 2. The result of proximate 
analysis of the test seed is depicted in Figure 1. The seed contained crude 
protein-3.39%, fat-66%, carbohydrate-22.28%, ash-2.63% and moisture 
content-5.7%. Table 3 depicts the results of proximate composition of 

Component Units (g/kg)
Fish meal 180 g/kg

Corn Starch 570 g/kg
Oil 200 g/kg

Salt and Vitamin mixture 50 g/kg

Table 1: Composition of basal (control) diet.

Diet (Control Diet) Composition (Basal diet)
Test Diet 1 Basal diet and 13.7 mg of I. g. per day/ rat
Test Diet 2 Basal diet and 27.4 mg of I. g per day/ rat
Test Diet 3 Basal diet and 54.8 mg of I. g per day/ rat

Table 2: Summary of diets and their composition.

Crude Protein

Crude Fat

Carbohydrate

Ash

Moisture

Figure 1: Proximate composition of Irvingia gabonensis seed.

Diet
Crude 

Protein 
(g/100g)

Crude 
Fat 

(g/100g)

Carbohydrate 
content 
(g/100g)

Ash 
content 
(g/100g)

Moisture 
content 
(g/100g)

Control 
Diet 7.37 21.2 54.41 9.32 7.72

Test Diet 1 7.43 26 54.69 9.89 7.30
Test Diet 2 7.34 24 49.38 2.72 11.25
Test Diet 3 7.38 30 43.10 8.67 10.85

Table 3: Proximate composition of diets.
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the diets. The addition of increasing amount of the seed into diet caused an 
increase in the fat content of the test diets compared with the control diet. 
The results of phytochemical analysis of the seed is shown in Table 4.

The effect of the seed on organ/body weight ratios of rats is presented 
in Table 5. There was significant decrease (p<0.05) in kidney weight to 
body weight ratio in all test groups compared with the control. The ratio 
for other organs isolated did not vary much compared to the control 
although there was a general trend of decrease in the ratio in all the test 
groups compared with control.

Table 6 depicts the effect of the test diets on lipid profiles. A 
significant decrease (p<0.05) in the levels of Total Cholesterol and LDL- 
Cholesterol in all test groups was observed compared with the control. 
The plasma Total Cholesterol cencentration was reduced by 47.76%, 
35.32% and 43.16% (p<0.05) and LDL- Cholesterol concentration by 
80.51%, 64.90% and 66.06% (p<0.05) in test group 1, 2 and 3 respectively 
compared with the control. There was no significant difference (p<0.05) 
in triacylglycerol levels. A decrease in triacylglycerol levels was seen in 
test groups 3 and 4 compared with the control. There was no significant 
difference (p<0.05) in HDL- cholesterol and HDL- triacylglycerol levels 
in all test groups compared with the control. There was significant 
reduction (p<0.05) in the artherogenic indices in all test groups 
compared with control as shown in Table 7. The Total Cholesterol/
HDL–Cholesterol ratio was also reduced by 48.24%, 47.35%, 39.12% 
( p<0.05) and LDL-Cholesterol/ HDL-Cholesterol ratio by 80.09%, 
71.76% and 62.96% (p< 0.05) in test group 1, 2 and 3 respectively.

The effect of Irvingia gabonensis seed on plasma total protein and 
malondialdehyde levels is depicted in Table 8. There was significant 
difference (p<0.05) in plasma total protein levels in the test groups 

compared with the control. A decrease in malondialdehyde levels was 
observed in the test groups compared with the control.

Discussion
Proximate and phytochemical composition

In the recent years, there have been increased considerations on the 
use of vegetable oils in various industries because the oils have high 
flash points, very high viscosity index, they are biodegradable and 
nontoxic to the environment [42]. These valuabe properties of oils from 
oil-bearing seeds have increased interest in their use as lubricant. The 
oil from Irvingia gabonensis kernel has been evaluated as a lubricant on 
the basis of its effect on the flow rate of granules, disintegration time 
and dissolution rate of tablets [43].

From previous findings, the crude fat content of I. gabonensis 
kernels and seeds ranged between 37.5% to 75.5% [44,45]. The high 
fat content of Irvingia gabonensis, (66%) seed observed in this study 
therefore supports these reports and shows that the seed is a good 
source of vegetable oil which could serve as potential lubricant over 
the conventional ones used for tablet formulations. The phytochemical 
composition showed that alkaloid and carotenoid are the most and 
least abundant bioactive compounds respectively, in the test seed. The 
observed reduction in total cholesterol and LDL cholesterol levels could 
be as a result of the presence of these phytochemicals.

The effect of I. gabonensis on organ/body weight ratio

In toxicological experiments, comparison of organ weight between 
treated and untreated groups of animals have conventionally been 
used to evaluate the toxic effects of the test article [46,47]. Reasons 
for the usefulness of weighing organs, especially liver and kidney, 
include their sensitivity to predict toxicity, enzyme induction, lipidosis, 
physiologic pertubations and metabolism; they correlates well with 
histopathological changes, there are little interanimal variability and 
there is available historical range data. Organ to body weight ratio is 
helpful in normalizing the variability due to nutritional status and in 
studies with anti-obesity compounds [48,49]. The results of this study 
showed that the seed had profound effect of weight reduction on the 
kidney than other organs isolated. This could be due to the higher 
sensitivity of the organ. In addition, the general trend of reduction of 
the organ weight to body weight ratio in the test groups is an indication 
that Irvingia gabonensis seed has less or no toxic effect on the organs.

The effect of I. gabonensis on lipid profile

Like other soluble fibers, I. gabonensis seed fibre can bind to bile 
acids in the gut and carry them out of the body in the faeces, which 
requires the body to convert more cholesterol into bile acids [50,51]. 
This can result in the lowering of blood cholesterol as well as other 
blood lipids. High-fibre diet has been shown to cause reduction of 
plasma total cholesterol by 6.7%, triacylglycerols by 10.2% and VLDL 
cholesterol by 12.5%, plasma LDL cholesterol by 6.3% lowered and no 
change in HDL cholesterol [52]. Also, I. gabonensis seeds have been 

Phytochemicals Quantity (mg/100 g)
Alkaloid 78.09 ± 0.44

Anthocyanin 20.41 ± 0.04
Cardiac Glycoside 40.42 ± 0.49

Carotenoid  1.72 ± 0.02
Flavonoid 21.16 ± 0.18

Phenol 53.03 ± 0.29
Tannin 22.58 ± 0.26

Values are mean ± Standard Error of Means (S.E.M.).

Table 4: Phytochemical composition of Irvingia gabonensis.

Groups LW/BW KW/BW SW/BW HW/BW
1 0.038 ± 0.002a 0.011 ± 0.004a 0.005 ± 0.001a 0.004 ± 0.000a

2 0.037 ± 0.002a 0.006 ± 0.000a,b 0.003 ± 0.000a 0.004 ± 0.000a

3 0.036 ± 0.003a 0.003 ± 0.000a 0.003 ± 0.000a 0.004 ± 0.000a

4 0.033 ± 0.002a 0.007 ± 0.000a,b 0.003 ± 0.000a 0.003 ± 0.000a

Values are mean ± Standard Error of Means (S.E.M.). 
Values in a column with different superscripts are significantly different from each 
other at p<0.05.
Abbreviations: LW: Liver Weight; SW: Spleen Weight; BW: Body Weight; KW: 
Kidney Weight; HW: Heart Weight

Table 5: Effect of diets on organ/ body weight ratio of rats.

Groups Total Cholesterol Triacylglycerol HDL- Cholesterol HDL- Triacylglycerol LDL- Cholesterol
1 119.13 ± 13.53a 44.62 ± 4.80a 36.44 ± 3.08a 140.43 ± 5.58a 73.77 ± 14.46a

2 62.23 ± 6.82b 59.08 ± 2.39b 36.03 ± 3.85a 118.65 ± 12.04a 14.38 ± 6.68b

3 77.05 ± 7.49b 38.82 ± 4.37a 43.40 ± 3.27a 129.92 ± 3.54a 25.89 ± 6.59b

4 67.71 ± 4.91b 43.90 ± 4.23a 33.90 ± 3.23a 119.31 ± 5.48a 25.04 ± 6.37b

Values are mean ± Standard Error of Means (S.E.M.) and are expressed in mg/dl. 
Values in a column with different superscripts are significantly different from each other at p<0.05.

Table 6: Effect of diets on plasma lipid profile.
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shown to significantly decrease total cholesterol, LDL-cholesterol, 
triacylglycerols, and to increase HDL-cholesterol in obese humans [53]. 
The findings of this study are in agreement - ie a significant decrease in 
total cholesterol and LDL cholesterol but no significant change in HDL 
cholesterol and Triacylglycerols.

The evident significant reduction in total cholesterol levels 
observed in all test diets could be attributed to the enhanced excretion 
of cholesterol and its catabolism to bile salts due to the presence of 
unsaturated fatty acids found abundantly in oils from plant sources. 
The following mechanism explains the observed reduction in 
LDL- cholesterol levels. In the endoplasmic reticulum, intracellular 
cholesterol is sensed by the protein, sterol regulatory element-binding 
protein 1 and 2 (SREBP). In the presence of cholesterol, SREBP is 
bound to two other proteins: SREBP-cleavage-activating protein 
(SCAP) and Insig-1. When cholesterol levels fall, Insig-1 dissociates 
from the SREBP-SCAP complex, allowing the complex to migrate to 
the Golgi apparatus, where SREBP is cleaved by S1P and S2P (site-1 and 
-2 protease), two enzymes that are activated by SCAP when cholesterol 
levels are low. The cleaved SREBP then migrates to the nucleus and acts 
as a transcription factor to bind to the sterol regulatory element (SRE), 
which stimulates the transcription of many genes incuding the low-
density lipoprotein (LDL) receptor which scavenges circulating LDL 
from the bloodstream [54,55]. Artherogenic indices have been used to 
know the predisposition to artherosclerosis and other related diseases. 
The higher the artherogenic index, the higher the risk of having the 
disease. In this study, the consumption of Irvingia gabonensis caused 
significant reduction of artherogenic risk in all the test groups.

Effect of I. gabonensis on lipid peroxidation

The degree of lipid peroxidation was measured in terms of 
malondialdehyde (MDA) oncentration in the plasma. MDA is an end 
product of lipid peroxidation and a marker of oxidative stress. The 
consumption of I. gabonensis at the various concentration studied in 
the diets of the rats caused a non-significant decrease in plasma MDA 
levels. Thus implying that the diets were safe for consumption and were 
not toxic to the rats. This finding is similar to a recent study which 
showed that I. Wombolu, a close specie to the test seed reduced the level 
of MDA in diabetic rats [56]. The observed decrease in MDA levels 
could be due to the presence of potent phytochemicals especially in I. 
gabonensis seeds.

Conclusion
This study has shown that I. gabonensis seed has hypolipidemic 

effects in rats. Diet is of great importance in the incidence of cancer, 
atherosclerosis and a number of other related pathological diseases. The 
quantities of I. Gabonensis incorporated into the diets of the rats were 
to simulate varying degrees of adult human consumption. Therefore I. 
Gabonensis consumption may be a useful intervention in the prevention 
of atherosclerosis due its athero-protective properties.
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