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1.0 INTRODUCTION 

Antioxidants are substances which inhibit oxidative 

damage by trapping free radicals to a target molecule. It 

is the first line of defense against free radical damage, 

and are critical for maintaining optimum health and well-

being (Atanu et al.
[1]

 Oxidation reactions can produce 

free radicals. In turn, these radicals can start chain 

reactions that damage cells. Antioxidants terminate these 

chain reactions by removing free radical intermediates, 

and inhibit other oxidation reactions (Krishan et al.
[2]

 In 
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ABSTRACT 

Antioxidants are substances which inhibit oxidative damage by trapping free radicals to a target molecule.  They 

are quite necessary to overcome the chronic metabolic disorder characterized by elevated circulating levels of 

lipids. The present study investigated the antioxidant and hypolipidemic potentials of Mangifera haden seeds in 

carbon tetrachloride induced hyperlipidemic rats. The animals were acclimatized to the laboratory conditions for a 

period of seven days. At the end of the acclimatization period, each rat was weighed and randomly divided into six 

(6) groups of five animals each, comprising of test animals and control groups. Proximate analysis, antioxidant 

activity, toxicity studies and lipid profile parameters were determined in the study using standard methods. 

Proximate composition of whole sample of Mangifera haden seeds revealed that the (%) values of protein, lipid, 

crude fibre, ash, moisture, and carbohydrate are (4.82, 17.18, 4.29, 2.77, 8.39, 62.55) respectively. The fraction of 

Mangifera haden seeds were shown to have high antioxidant activity. All carbon tetrachloride induced animals 

displayed hyperlipidemia as shown by their elevated levels of serum total cholesterol (TC), triacylglycerol (TAG), 

low density lipoprotein (LDL-c), very low density lipoprotein (VLDL-c) and reduction in high density lipoprotein 

(HDL-c). Methanol fraction of Mangifera haden seeds were administered at different doses (200 mg, 400 mg, 600 

mg) of the fraction per kilogram body weight of the animals in carbon tetrachloride hyperlipidemic rats. 

Simvastatin was used as reference standards. Simvastatin was found to be an effective drug in lowering lipid 

profiles. The statistical analyses were carried out using one way ANOVA followed by Dunnett’s Post Hoc 

Multiple Comparisons test. Mangifera haden seeds show significant decrease (P < 0.05) in the levels of serum 

Total Cholesterol, Triacylglycerols, LDL-C, VLDL-C, Atherogenic index (A.I) and significant increase (P < 0.05) 

of serum HDL-C against carbon tetrachloride-induced hyperlipidemic rats. The result also suggest that at 200 

mg/kg Mangifera haden body weight concentrations are an excellent lipid lowering agent. Mangifera haden seeds 

exhibited quite hypolipidemic potential when compared with the reference drug, simvastatin. This indicates that 

the organic extracts could be explored as an alternative therapeutic agent in the treatment of hyperlipidemia, 

obesity and abdominal fats. 
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normal cells, oxygen derivatives are neutralized or 

eliminated owing to the presence of a natural defense 

mechanism that involves enzymatic antioxidants 

(glutathione peroxidase, superoxide dismutase, catalase) 

and water or fat-soluble non-enzymatic antioxidants 

(vitamins C and E, glutathione, selenium). The human 

body has several mechanisms to counteract oxidative 

stress by producing antioxidants which are either 

naturally produced in the body or externally supplied 

through foods and/or supplements (Susinjan.
[3]

 

Endogenous and exogenous antioxidants are effective as 

free radical scavengers by donating their own electrons 

to ROS and thereby neutralize adverse effects of the 

latter. The antioxidant systems are classified into two 

major groups, protective or enzymatic antioxidants and 

non-enzymatic antioxidants (Atanu et al.
[1]

 A recent 

study carried out by Thambi et al.
[4]

 evaluated 

antioxidant effects of mango peel powder and proved 

that the acetone extract of the Mangifera indica peel 

exerts strong radical scavenging effects. A research 

carried out by Abbasi et al.
[5]

  with nine mango varieties 

(Royal mango, Thai mango, Egg mango, Luzon, 

Narcissus, Big Tainong, Keitt, Australian mango, and 

Small Tainong) found in China found that the peel of 

small Tainong (Xiao Tainong) variety exerts the highest 

antioxidant potential among the tested varieties. Another 

study conducted by Sultana et al.
[6]

 measured the 

antioxidant potential of water-methanol extracts of the 

peels of two mango varieties (Langra and Chaunsa) 

grown in Pakistan. Among these two peel extracts, 

water-methanol extract of Chaunsa exhibited strong 

antioxidant effects than Langra. Kim et al.
[7]

 who studied 

antioxidant effects of ethanolic extracts of mango peel 

and flesh showed potent antioxidant effects of mango 

peel extracts compared to flesh extracts. Antioxidant 

effects of methanolic extract of Mangifera indica leaves 

have been reported by Mohan et al.
[8] 

 

The mango (Mangifera indica) is a tropical stone fruit 

that is luscious, sweet, fragrant and packed with nutrients 

like vitamins A, C and D. It is a member of the drupe 

family. It is a type of plant food with a fleshy outer 

section that surrounds a pit (shell). This pit contains a 

seed. Different types of mangoes vary in colour, shape, 

flavour, and seed size. Although mango skin can be 

green, red, yellow, or orange, its inner flesh is mostly 

golden yellow. Mangifera indica is a member of the 

cashew family, anarcardiaceae and one of the most 

important widely cultivated fruits of the tropical world. 

Mango is native to India and southern Asia. People have 

cultivated it for over 4,000 years. Hundreds of types of 

mango exist, each with its own characteristics taste, 

shape, size and colour. In Nigeria, there are only three 

common varieties in Nigeria. They are Mangifera haden, 

Mangifera pirie, and Mangifera turpentine. 

 

Mangifera haden is the yellow or red mango whose fruits 

are ready for harvesting and consumption when they are 

matured and ripened (Shah et al.
[9]

 When the fruit is still 

green in colour, they are sour in taste but turns sweet 

with characteristics aroma when riped. Mango seed is a 

single flat oblong seed that can be fibrous or hairy on the 

surface depending on the cultivar (leanpolchareanchai et 

al.
[10]

 Mango seed consists of a tenacious coat enclosing 

the kernel. During the processing of mango, by-products 

such as peel and kernel are generated. Kernels take up 

about 17-22% of the fruit. The major components of 

mango seed are starch, fat, and protein. The oil of mango 

seed kernel consist of about 44-48% saturated fatty acids 

(mainly stearic acid) and 52-56% unsaturated (Shah et 

al.
[9]

 Mango seed kernels have a low content of protein 

but they contain the most of the essential amino acids, 

with highest values of leucine, valine and lysine (Kumar 

et al.
[11]

 Mango seed kernels were shown to be a good 

source of polyphenols, phytosterols such as campesterol, 

sitosterol and tocopherols. In addition, mango seed 

kernel could be used as a potential source for functional 

food ingredients, antimicrobial compounds and cosmetic 

due to its high quality of fat and protein as well as high 

levels of natural antioxidants (Kumar et al.
[11] 

 

Hyperlipidemia is a disorder of lipid metabolism that 

results in an elevated level of circulating cholesterol or 

triacylglycerols (TAG). It is a state of disease associated 

with different lipid disorders like hypercholesterolemia, 

hypertriglyceridemia. This disease could be inherited or 

acquired. Dyslipidemia is a prerequisite to the 

development of atherosclerosis. It is also closely 

associated with diabetes, insulin resistance and obesity. 

 

Atherogenic index (A.I) is a new comprehensive lipid 

index composed of triacylglycerols and high density 

lipoproteins (HDL-C). It is a strong marker for predicting 

the risk of blood lipids levels, cardiovascular diseases 

(CAD) and an optimal indicator of dyslipidaemia. The 

decrease in A.I is an indication of lower risk of 

cardiovascular disease and stroke. 

 

Statins are drugs that lowers the level of Low-Density 

Lipoprotein (LDL-c) in the blood. They are referred to as 

3-hydroxyl-3 –methylglutaryl-CoA (HMG-CoA) 

reductase inhibitors. These drugs block the action of liver 

enzyme (HMG-CoA reductase inhibitors) that helps 

produce cholesterol. Statins also raise the levels of High 

–Density Lipoproteins (HDL-c). Low-Density 

Lipoprotein (LDL-c) is often known as “Bad 

Cholesterol”. Statins reduce the production of cholesterol 

in the liver. By so doing, it prevents the hardening and 

narrowing of the arteries (atherosclerosis) and 

cardiovascular diseases. These drugs include fluvastatin, 

simvastatin, atorvastatin, pravastatin, rosuvastatin, 

lovastatin and pitastatin. 

 

There is a great number of people living with 

cardiovascular diseases, obesity, high blood pressure and 

stroke in our society due to lifestyles changes, diet 

consumption, increase in overweight and sedentary life. 

Hyperlipidemia can be treated by the use of synthetic 

drugs such as statin and fibrates. These drugs are costly 

and exhibit high undesirable side effects. Therefore, 
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natural products from medicinal plants need to be 

investigated for antioxidant properties and hypolipidemic 

potentials. 

 

2.0 MATERIAL AND METHODS 

2.1 Plant Material 

The plant materials are the seeds of Mangifera haden. 

 

2.2 Methods 

2.2.1 Collection, Preparation and Extraction of 

Mango Seeds 

The plant materials, Mangifera haden seeds were 

collected from Mile One market, Port-Harcourt, Rivers 

State, Nigeria. The seed samples were identified and 

authenticated by Mr. Alfred Ozioko of the Bioresources 

Development and Conversation Programme (BDCP), 

Nsukka. The specimen Mangifera haden voucher 

number is InterCEDD/908. They were washed and air-

dried. The kernel and kernel sheathes were removed 

manually from the seeds. Fresh kernel seeds and kernel 

sheathes were chopped and blended with distilled water 

at a ratio of sample/water of 1:3 (W/V). After filtration, 

the filtrate was lyophilized with a freeze –dryer. The 

extract was then stored in an airtight container in a 

refrigerator until use. 

 

2.2.1.1 Fractionation of the Mangifera haden seeds 

extract 

The crude extract of Mangifera haden seeds were 

subjected to solvent – solvent partitioning using protocol 

designed by Kupchan and Tsou,
[12]

 with slight 

modifications. The crude extract of Mangifera haden 

seeds was dissolved in 10% aqueous methanol 

(Methanol:Water; 9:1 V/V) to make the solution which 

was successfully partitioned by solvents;  methanol and 

ethyl acetate in the order of increasing polarity by using 

a separating funnel. 350 g of the sample was dissolved in 

1400 ml of the solvent (methanol) in the ratio 

sample:solvent (1:4:). This was thoroughly mixed and 

poured into the separating funnel. The sample was 

allowed to settle into layers; water settled on the bottom, 

methanol lie above the water, and ethyl acetate settled at 

the middle. Resulting fractions were dried by 

evaporating respective solvent using rotary evaporator 

under high vacuum and kept in dessicator for further 

studies. 

 

2.3 Proximate Analysis of the whole Sample of 

Mangifera haden Seeds 
The proximate analysis of whole sample of Mangifera 

haden seeds was carried out using the method of 

Association Official of Analytical Chemists.
[13] 

 

2.4 Toxicity Studies 

2.4.1 Acute Toxicity Test 

The mean lethal dose (LD50) for methanol fraction of 

Mangifera haden seeds were determined following the 

method described by Lorke.
[14]

 

 

 

2.5 In Vitro - Antioxidant Tests 

2.5.1 Total Antioxidant Activity (TAC) 

The total antioxidant capacity of the fraction was 

determined with phosphomolybdenum method using 

ascorbic acid as the standard. The assay was based on the 

reduction of Mo (vi) to Mo (v) by the fraction and the 

subsequent formation of a green phosphomolybdate (v) 

complex at acidic pH. 0.1 ml of the fraction was mixed 

with 3 ml of reagent (0.6 M sulphuric acid, 28 mM 

sodium phosphate, and 4 mM ammonium molybdate). 

The tubes were capped and incubated in a boiling water 

bath at 95
0
C for 90 min. After the samples had cooled to 

room temperature, absorbance of the aqueous solution of 

each was read at 695 nm against blank in a 

spectrophotometer. The blank solution contained 3 ml of 

reagent solution and the appropriate volume of the same 

solvent used for the sample and it was incubated under 

the same conditions as the rest of the sample. The 

antioxidant capacity was expressed as the equivalent of 

ascorbic acid. Total antioxidant capacity of the fraction 

was estimated using the phosphomolybdate method as 

reported by Jan et al.
[15]

 

 

2.5.2 FRAP (Ferric Reducing Antioxidant Power) 

Ferric ions reducing power was measured according to 

the method of Oyaizu,
[16]

 with a slight modification. In 

this method, to measure the reducing power of the 

fraction, 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 

ml of 1% potassium ferricyanide solution was added to 1 

ml of fraction with various concentrations. After mixing 

and incubating the mixture at 50
0
C for 30 minute, the 

reaction was stopped by adding 2.5 ml of trichloroacetic 

acid (10%) solution to each sample. The samples were 

mixed and then centrifuged for 10 minute. The 

supernatant (2.5 ml) and 2.5 ml of FeCl3 (0.1% W/V) 

were added to the mixture and was kept for 10 minute. 

The absorbance at 700 nm was measured in a 

spectrophotometer as the reducing power. The higher 

absorbance of the reaction mixture indicated the 

increased reducing power. Ascorbic acid was used as 

positive control. All tests were performed in triplicate. 

 

2.5.3 DPPH Free Radical Scavenging Assay 

DPPH free radical scavenging assay was carried out 

according to the method of Brand-Williams et al.
[17]

 In 

the DPPH (2, 2- diphenyl – 1- picrylhydrazyl) assay 

based on the scavenging ability of stable radical DPPH, 

fresh methanolic solution of DPPH (1 ml) was added to 

2ml of each of the methanol fraction solutions with a 

concentration range of 2.5 – 100 µg/ml. The final DPPH 

was 0.1 mM. The mixture was shaken and incubated for 

30 minute at room temperature in the dark and then 

absorbance was measured at 517 nm using a UV-

Spectrophotometer. Methanol was used as a blank and 

ascorbic acid (Sigma, USA) was used as a positive 

control. All tests were performed in triplicate. 
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The activity was calculated based on the following 

equation 

% Inhibition = 100  x (AO – A) 

                                   AO 

 

Where AO was the absorbance of the control reaction 

(containing no test compound) and A was the absorbance 

of the test compound. 

 

2.5.4 Determination of Anti Radical Power (ARP) 

The Anti Radical Power of the fraction was determined 

by the method of Mishra et al., 2012. 

Anti Radical Power (ARP) =               1      x   100 

                                                    IC50 

(Mishra et al.,
[18] 

 

2.6 Experimental Design 

A total of thirty (30) male adult wistar albino rats 

weighing between 150 g – 250 g were selected and used 

for the study. They were randomly divided into six (6) 

groups of five (5) wistar albino rats each. A suspension 

of the fraction was prepared in Tween - 80 and different 

doses of methanol fraction of Mangifera haden seeds 

(200, 400, 600 mg/kg body weight) were administered to 

the animals for 14 consecutive days. 

 

Curative Model 

Group 1:  Normal control 

Group 2: (Carbon tetrachloride, CCl4  (1.0 ml/kg body 

weight) 

Group 3:  CCl4  +  200 mg/kg body weight of fraction of 

Mangifera haden seeds 

Group 4:  CCl4    + 400 mg/kg body weight of fraction of 

Mangifera haden seeds 

Group 5:  CCl4   + 600 mg/kg body weight of fraction of 

Mangifera haden seeds 

Group 6: CCl4   + 10 mg/kg body weight of Simvastatin 

 

2.6.1 Induction of Hyperlipidemia 

Hyperlipidemia was induced in rats with a dose of 1.0 

ml/kg body weight of CCl4. Carbon tetrachloride (CCl4) 

in its concentrated form was dissolved in olive oil in the 

ratio of 1:1 (v/v) prior to administration to all groups 

with the exception of normal control group. Carbon 

tetrachloride was injected as a double dose via intra – 

peritoneal route on days 1 and 2, the methanol fraction of 

Mangifera haden seeds were administered from days 3 to 

14. On Day 14, the animals were sacrificed following an 

overnight fast and blood samples collected via occular 

puncture with sterile syringes directly into neatly labelled 

plain sample tubes. 

 

2.7 Lipid Profile Tests 

2.7.1 Determination of Total Cholesterol 

Concentration 

The concentration of total cholesterol was determined 

using the method of Abell et al.
[19]

 

 

 

 

Test procedure 

Three (3) test tubes were set up in a test tube rack and 

labeled blank, standard and sample respectively. To the 

blank, was added 10 µl distilled H2O, 10 ul standard 

specimen to the standard test tube and 10 µl sample 

(serum) to the sample test tube. To each of these test 

tubes was added 1000 µl of the cholesterol reagent. It 

was thoroughly mixed and incubated for 10 minute at 

room temperature (20-25
0
C). The absorbance of the 

sample (A sample) against the blank was taken within 60 

minute at 500 nm. 

Conc. of cholesterol in sample (mg/dl) = 

ΔAsamplex  conc. of standard 

ΔAstandard 

 

Where Concentration of the standard = 202.65 mg/dl 

 

2.7.2 Determination of Low-Density Lipoprotein 

Concentration 

The concentration of low density lipoprotein (LDL) was 

determined using the method of Friedwald et al.
[20]

 

 

Calculation 

LDL-C (mg/dl) = Total Cholesterol –High Density 

Lipoprotein – Triglyceride/5. 

 

2.7.3 Determination of High-Density Lipoprotein 

Concentration 

The concentration of high-density lipoprotein (HDL) was 

determined using the method of Toth et al.
[21]

 

 

Procedure 

The precipitant solution (0.1 ml) was added to 0.3 ml of 

the serum sample and mixed thoroughly and allowed to 

stand for 15 minute. This was centrifuged at 2,000 x g 

for 15 minute. The cholesterol concentration in the 

supernatant was determined. 

 

Calculation 

Concentration of HDL cholesterol in sample 

= ∆Asample x concentration of Standard 

                           ∆ Astandard 

 

Where concentration of the standard = 52.5 mg/dl. 

 

2.7.4 Determination of Triacylglycerol Concentration 

The concentration of triacylglycerol (TAG) was 

determined using the method of Otvos.
[22] 

 

Method: A quantity of the sample (0.1 ml) was pipetted 

into a clean labelled tube and 1.0 ml of trichloroacetic 

acid (TCA) was added to it, mixed and then centrifuged 

at 250 rpm for 10 minute. The supernatant was decanted 

and reserved for use. The assay procedure was carried 

out as shown below. Three test tubes were set up and 

labelled as blank, standard and sample. To the blank test 

tube was added distilled water (0.5 ml), TCA (0.5 ml) 

and reagent mixture (1 ml). To the standard tube was 

added, standard solution (0.5 ml), TCA (0.5 ml) and 

reagent mixture (1 ml) while the sample tube was filled 
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with 1 ml of the supernatant and 1 ml of the reagent 

mixture. The mixtures were allowed to stand for 20 

minute at 25 
0
C and the absorbance of the sample and 

standards read against the blank was taken at 540 nm. 

 

Calculation: The concentration of triacylglycerol in 

serum was calculated as follows. 

 
 

Where concentration of the standard = 196 mg/dl 

 

2.7.5 Determination of Atherogenic Index 

Atherogenic index of  methanol fraction was determined 

using the method of Chakraborty et al.
[23] 

 

Atherogenic Index = TC - Total serum HDL-C 

                                  Total serum HDL-C 

Where TC = Total Cholesterol and HDL-C = High 

Density Lipoprotein Cholesterol 

 

2.7.6 Determination of Percentage Protection of 

Methanol Fraction 
The % protection of methanol fraction against 

hyperlipidemia and liver damage was determined using 

the method of Dhandapani.
[24]

 

% Protection = AI of control – AI of treated group  X100 

                                         AI of Control 

 

Where AI of Control  = Atherogenic Index of Control 

And AI of the treated group = Atherogenic Index of the 

treated group. 

 

2.8 Blood Collection and Serum Preparation 

After 24 hr CCl4 administration, all animals were 

euthanized by diethyl ether and blood samples were 

collected promptly from occular puncture. The collected 

blood samples were centrifuged at 2500 rpm at room 

temperature for 20 minute and serum was separated. The 

serum was carefully pipetted into another set of sterile 

plain tubes and stored in the refrigerator for further 

biochemical analysis. 

 

2.9 Statistical Analysis 

The biochemical data obtained from the study were 

analysed using IBM statistical product and service 

solutions (SPSS) version 20, and the results were 

expressed as Mean ± Standard deviation. Statistical 

difference between means were obtained using one-way 

analysis of variance (ANOVA), followed by Post Hoc 

Multiple Comparison Test (PHMCT). (P < 0.05) was 

considered statistically significant. 

 

3.0 RESULTS 

3.1 Ferric Reducing Antioxidant Power (FRAP) of 

methanol fraction of Mangifera haden seeds 

The Ferric Reducing Antioxidant Power (FRAP) of 

methanol fraction of Mangifera haden seeds are shown 

in table 1 below. The higher the concentrations of the 

fraction, the higher the absorbance recorded. 

 

Table 1: Ferric Reducing Antioxidant Power (FRAP) of methanol fraction of Mangifera haden seeds. 

 FRAP Assay  

 Absorbance at 700nm  

Concentrations (µg/ml) Methanol Standard 

31.25 0.39 ± 0.17
a
 1.28 ± 0.02

a
 

62.50 1.09 ± 0.05
b
 1.57 ± 0.02

b
 

125 1.23 ± 0.06
b,c

 1.61 ± 0.02
b
 

250 1.31 ± 0.01
c
 1.66 ± 0.02

b
 

500 1.50 ± 0.04
d
 1.64 ± 0.13

b
 

Standard (Ascorbic Acid); Results are expressed as Means ± SD (n = 3) 

Mean values with different superscripts (a,b,c,d) down the column are considered significantly different at P < 0.05. 

 

3.2 Total Antioxidant Capacity (TAC) of methanol 

fraction of Mangifera haden seeds 
The Total Antioxidant Capacity (TAC) of methanol 

fraction of Mangifera haden seeds are shown in table 2 

below. The higher the concentrations of the fraction, the 

higher the absorbance recorded. The IC50 of methanol 

fraction was 3.13 at a correlation of 0.7766 while the 

standard (ascorbic acid) is 1.87 at a correlation of 

0.9805. Since, the lower the IC50, the higher the 

antioxidant capacity, thus methanol fraction exhibited a 

high amount of total antioxidant capacity (TAC). 

 

Table 2: Total Antioxidant Capacity (TAC) of methanol fractions of Mangifera haden seeds. 

 TAC Assay  

 Absorbance at  695nm  

Concentrations (µg /ml) Methanol Standard 

31.25 0.008 ± 0.001
a
 0.24 ± 0.02

a
 

62.50 0.014 ± 0.004
b
 0.47 ± 0.03

b
 

125 0.018 ± 0.002
b
 0.56 ± 0.04

c
 

250 0.024 ± 0.0034
c
 0.86 ± 0.03

d
 

500 0.059 ± 0.003
d
 1.07 ± 0.03

e
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IC50 3.13 1.87 

ARP 31.94 53.48 

Standard (Ascorbic Acid);    Anti Radical Power (ARP) 

Results are expressed as Means ± SD (n = 3). 

Mean values with different superscripts (a,b,c,d) down the column are considered significantly different at P < 0.05. 

 

3.3: DPPH Radical Scavenging Power of methanol 

fraction of Mangifera haden seeds 
Table 3 shows the DPPH radical scavenging power of 

methanol fraction of Mangifera haden seeds. For DPPH 

radical scavenging activity, the higher the concentration 

of the fraction, the higher the % inhibition of DPPH 

radical. Thus, at the highest concentration 500 µg/ml, the 

best efficacy of the fraction was exhibited. The IC50 of 

methanol fraction was 1.08 at a correlation of 0.8214. 

Since the percentage inhibition has direct relationship 

with the concentrations of the fraction. The lower the 

IC50, the higher the antioxidant capacity and the higher 

the IC50, the lower the antioxidant potential. It was 

asserted that methanol  fraction has high antioxidant 

potential. 

 

The Anti-Radical Power (ARP) of methanol and standard 

(ascorbic acid) were 92.59 and 62.11 respectively. The 

higher the (ARP), the more potent the fraction. Methanol 

fraction has a very high Anti-Radical Power of 92.59. 

 

Table 3:  DPPH Radical Scavenging Power of Methanol Fraction. 

 DPPH Assay  

 Absorbance at 517nm  

Concentrations 

(µg/ml) 

% Inhibition 

(Methanol) 

% Inhibition 

(Standard) 

31.25 82.86 ± 2.02
b
 64.19 ± 1.34

a
 

62.50 89.02 ± 2.91
c
 63.01 ± 0.78

a
 

125 91.30 ± 1.41
c,d

 63.30 ± 0.68
a
 

250 77.51 ± 0.80
a
 64.12 ± 0.72

a
 

500 95.85 ± 3.04
e
 64.39 ± 0.50

a
 

IC50 1.08 1.61 

ARP 92.59 62.11 

(Results are expressed as Means ± SD; n = 3); 

Standard (Ascorbic Acid); ARP (Anti-Radical Power); 

Mean values with different superscripts (a,b,c,d,e) down the column are considered significantly different at P < 0.05. 

 

3.4: Acute Toxicity of methanol fraction of Mangifera 

haden seeds 
The acute toxicity studies of methanol fraction of 

Mangifera haden seeds were shown in Table 4. Acute 

toxicity test showed no death or adverse reaction up to 

5000 mg/kg body weight. 

 

Table 4: Phase I and II of the acute toxicity test 

Phase/Groups Dosage of fraction (mg/kg b.w)      Mortality rate 

Phase 1 

Group 1   10                                                 0/3 

Group 2   100    0/3 

Group 3   1000    0/3 

Phase II 

Group 1   1600    0/3 

Group 2   2900    0/3 

Group 3   5000    0/3 

n = 3 

 

3.5 Effect of methanol fraction of Mangifera haden 

seeds on the lipid profile of CCl4-Intoxicated Rats 

Table 5 shows the effect of methanol fraction of 

Mangifera haden seeds on lipid profile of CCl4-

intoxicated rats. At the administration of CCl4, there was 

a significant (p<0.05) increase in the concentration of 

Total cholesterol (TC), Triacylglycerol (TAC), Low 

Density Lipoprotein (LDL-C) and significant (p<0.05) 

decrease in HDL-C as seen in (CCl4 administered group) 

when compared to that of the normal control group. 

Groups that were treated with fractions and drugs (group 

3 - 6) showed a significant (p<0.05) reduction in TC, 

TAG, LDL and significant (p<0.05) increase in HDL-C 

when compared to that of the untreated group (group 2). 
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Table 5: Effect of methanol fraction of Mangifera haden seeds on lipid profile of CCl4-Intoxicated Rats. 

Treatment Group TC (mg/dl) TAG (mg/dl) LDL (mg/dl) HDL (mg/dl) 

Group 1 5.86 ± 0.04
d
 1.02 ± 0.06

a,b
 3.29 ± 0.12

c
 2.36 ± 0.12

c
 

Group 2 7.94 ± 0.04
e
 1.41 ± 0.07

c
 6.34 ± 0.07

e
 1.32 ± 0.05

a
 

Group 3 5.07 ± 0.03
b
 0.85 ± 0.04

a
 2.63 ± 0.10

b
 2.27 ± 0.09

c
 

Group 4 5.68 ± 0.05
c
 0.94 ± 0.03

b
 3.50 ± 0.12

d
 1.99 ± 0.12

b
 

Group 5 5.65 ± 0.04
c
 1.0 1.0 ±  0.07

b
 3.38 ± 0.09

c,d
 2.06 ± 0.08

b
 

Group 6 4.92 ± 0.05
a
 0.84 ± 0.07

a
 2.42 ± 0.12

a
 2.33 ± 0.10

c
 

(Results are expressed as Means ± SD; n=5); Mean values with different superscripts (a,b,c,d,e) down the column are 

significantly different from each other at P<0.05. 

 

3.6: Atherogenic Index and percentage protection of 

methanol fraction of Mangifera haden seeds 

Table 6 shows the atherogenic index and percentage 

protection of methanol fraction of Mangifera haden 

seeds. Atherogenic index was significantly (p<0.05) 

higher in CCl4 untreated group when compared to that of 

the normal control group.  However, those of the treated 

groups (group 3-6) were significantly (p<0.05) decreased 

in atherogenic index levels compared to the CCl4 

untreated group. Group 6 (standard drug) exhibited the 

lowest atherogenic index of (1.11) and the highest 

percentage protection (77.84%) on the cell membrane of 

the animal. 

 

Table 6: Atherogenic Index and % Protection of methanol fraction. 

Treatment Groups Atherogenic Index Percentage Protection 

Group 1 1.49 ± 0.13
c
 -------- 

Group 2 5.01 ± 0.22
f
 --------- 

Group 3 1.24 ± 0.09 
b
 75.25 

Group 4 1.86 ± 0.17
e
 62.87 

Group 5 1.74 ± 0.09
d
 65.27 

Group 6 1.11 ± 0.10
a
 77.84 

(Results are expressed as Means ± SD; n=5); 

Mean values with different superscripts (a,b,c,d,e) down the column are considered significantly different at P < 0.05. 

 

DISCUSSION 

Substances with high antioxidant capacities have the 

tendency to release its electrons and mop up reactive 

oxygen species and free radicals. This eliminate a lot of 

diseases from the body and so individuals can live a 

healthy life. Total Antioxidant Capacity (TAC) assay is 

also known as Phosphomolybdenum assay (PM). TAC 

assay is a quantitative method used to investigate the 

reduction reaction rate among antioxidants, oxidants and 

molybdenum ligand which gives a direct estimation of 

reducing capacity of antioxidant. In this study, for Total 

Antioxidant Capacity (TAC), the higher the 

concentrations of fraction of Mangifera haden seeds, the 

higher the absorbance. Antioxidant activity depends on 

the presence of its bio-active compounds mainly 

phenolics, flavonoids, triterpenes, alkaloids and 

coumarins. This suggests that the concentration of the 

bioactive compounds present in the fraction is important 

to showing antioxidant activity. Thus, higher 

concentration of the fraction shows higher antioxidant 

activity. The fraction showed a good total antioxidant 

activity that increased with increasing concentration. The 

methanol fraction radical scavenging activity was shown 

to be at IC50 value of (3.13 µg/ml) in comparison to the 

IC50 value of ascorbic acid the standard (1.87µg/ml). 

 

The Anti-Radical Power (ARP) is defined as the 

reciprocal of IC50 multiply by 100. ARP is used to show 

the capacity of an antioxidant. The higher the ARP, the 

more potent the sample. The ARP of methanol fraction 

was remarkably increased and this indicates high 

antioxidant capacity of the fraction. The results of 

Abdurahman et al.,
[25]

 is quite similar to this study, 

whose research on the total antioxidant capacity of the 

aqueous, butanol and petroleum ether extracts of Irvingia  

gabonensis at 100, 125 and 250 µg/ml were significantly 

(p<0.001) reduced compared to ascorbic acid. The work 

of Matsinkousoh et al.
[26]

 is in consonant with this study 

who reviewed the antioxidant activity of the kernel peel 

of African mango (Irvingia wombolu) and the lower the 

IC50 value, the higher the radical scavenging activity. 

 

The Ferric Reducing Antioxidant Power (FRAP) assay is 

a novel method used to assess the reduced concentration 

of ferric ion. It is based on the redox antioxidant reaction 

that measures the reducing potency of fraction and 

standard antioxidant (Phatak and Hendre.
[27]

 Higher 

absorbance indicates higher reducing potency. In this 

study, increased concentrations showed increased 

absorbance of free radicals.  Thus, at 500 µg/ml 

concentration, the highest reducing potency in the 

fraction were exhibited. In this study, the fraction 

showed a good concentration-dependent reducing power, 

which was consistent with the findings of Ewere et al.
[28]

 

that documented that the reducing power of Irvingia 

gabonensis (O’ Rorke) baill ethanolic leaf extract 

increased in a concentration dependent manner. The 

results of Abdurahman et al.
[25]

 is quite similar to this 
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study, who studied the ferric ion reducing antioxidant 

activity of the aqueous, butanol and petroleum ether 

extracts of Irvingia gabonensis at 100, 125 and 250 

µg/ml were significantly (p<0.001) reduced compared to 

ascorbic acid. 

 

DPPH method is a spectrophotometric procedure and 

quick method to analyze the free radical activity of 

natural compounds (Shahzor et al.
[29]

 The antioxidant 

activity of a substance can be expressed as its ability to 

scavenge the DPPH free radical. It is a rapid, simple, 

inexpensive and widely used method to measure the 

ability of compounds to act as free radical scavengers or 

hydrogen donors, and to evaluate antioxidant activity of 

foods, extract and fraction. For DPPH radical scavenging 

activity, the higher the concentrations, the higher the % 

inhibition of the fraction. Thus, at a higher concentration, 

the higher efficacy of the fraction were exhibited. This is 

due to the fact that the fraction have more tendency to 

donate electrons to mop up the free radicals. However, 

impurities could likely be the cause of decrease 

percentage inhibition in some fraction. This is due to the 

fact that impurities are bad absorber and bad emitter 

(radiator) of electrons. According to Iwu et al.
[30]

, 

phenolic compounds act as electron donors and are 

readily oxidized to form phenolate ions, this gives rise to 

protonated phenol which is used as a cleaning agent. IC50 

is the minimum concentration of the fraction(s) that can 

inhibit 50% of the free radicals. IC50 values are typically 

expressed as molar concentration. The IC50 of methanol 

fraction was 1.08 at a correlation of 0.8214. Since the 

inhibition of the DPPH free radicals has direct 

relationship with the concentrations of the fractions. The 

higher the concentrations, the higher the % inhibition of 

the DPPH free radicals. The results of Abdurahman et 

al.
[25]

 is comparable to this study. This is because the 

DPPH radical scavenging activity of the aqueous, 

butanol and petroleum ether extracts of Irvingia 

gabonensis at 100, 125 and 250 µg/ml was significantly 

(p<0.001) reduced compared to ascorbic acid. More so, 

this study is in line with the findings of Ewere et al.
[28]

 

that established that  Irvingia  gabonensis (O’ Rorke) 

baill ethanolic leaf extract scavenged DPPH radical in a 

concentration dependent manner and the percentage 

inhibition of the extract was significantly (p<0.05)  

higher than that of the ascorbic acid (standard) used at 

the respective concentrations. 

 

This study revealed that all CCl4 – intoxicated rats 

displayed hyperlipidemia as shown by their elevated 

levels of serum Total Cholesterol (TC), Triacylglycerols 

(TAG), Low Density Lipoproteins (LDL) and reduction 

in High Density Lipoproteins (HDL) level. The elevation 

of serum total cholesterol and low density lipoprotein 

(LDL) cholesterol has been implicated as a primary risk 

factor for cardiovascular disease. The large increase in 

serum cholesterol and triacylglycerols is mainly due to 

an increase in VLDL secretion by the liver. CCl4 acts as a 

surfactant and suppresses the action of lipases to block 

the uptake of lipoproteins from circulation by extra 

hepatic tissues. This results to increased blood lipid 

concentration, increased hepatic synthesis of cholesterol 

and induction of hyperlipidemia. 

 

The administration of methanol fraction of Mangifera 

haden seeds markedly lowered the levels of serum TC, 

TAG, LDL-C and increased HDL-C level. The 

significant reduction in total cholesterol levels observed 

in the study 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 Mangifera haden seeds. The decrease in 

cholesterol may indicate increased oxidation of 

mobilized fatty acids or lipolysis. The hypolipidemic 

potentials of these fractions may be due to their 

antioxidant and antihyperlipidemic effects due to the 

phytochemicals present (Kuyooro et al.
[31]

 The present 

study is in agreement with the work of Osorio – Esquivel 

et al.
[32]

 whose studies on hypercholesterolemic mice 

with diets supplemented with microwave dehydrated 

mango powder showed a significant (p<0.05) decrease in 

total serum cholesterol, LDL-c, triacylglyerols and 

significant increase in HDL-c compared to the 

hypercholesterolemic mice and the conventional – 

dehydrated mango powder group. More so, Gururaja et 

al.
[33]

 findings is in tandem with this study who studied 

on “The methanol extract of Mangifera indica showed a 

significant cholesterol – lowering activity at 90 mg/kg 

and significant decrease in plasma triacylglycerols”. The 

findings of Kuyooro et al.
[31]

, are not consistent with this 

study, in his work, there was a significant (p<0.05) 

decrease in total cholesterol and LDL cholesterol but no 

significant change in HDL cholesterol and 

triacylglycerols. The findings of Arogba and Omada
[34]

 

of “Effects of diet substitution with defatted kernels of 

mango (Mangifera indica) and wild mango varieties 

(Irvingia  gabonensis and Irvingia wombolu) was quite 

similar with this study since the plasma lipid profile of 

the animals after 21 days of feeding showed that total 

cholesterol (TC) and LDL-c decreased with increasing 

defatted test sample substitution while HDL-c increased. 

 

Atherogenic index is a novel index composed of 

triacylglycerols and high Density Lipoproteins (HDL-C). 

It is the strongest marker used to quantify blood lipid 

levels and an optimal indicator of dyslipidaemia and 

cardiovascular diseases. Atherogenic index was 

considerably decreased in plant fraction treated groups 

when compared to hyperlipidemic group (CCl4 

administered group). At 200 mg/kg of methanol fraction 

of Mangifera haden seeds confers the most protective 

effect of the plant fraction (75.25%) against 

hyperlipidemia. However, atherogenic index (A.I) was 

remarkably decreased in standard drug (simvastanin, 10 

mg/kg) when compared to untreated control (CCl4 

administered group). Arogba and Omada
[34]

 findings are 

also consistent with this study, this is because as the TC, 

LDL-c and atherogenic index significantly (p<0.05) 

decreased, the HDL-c also significantly (p<0.05) 

increased offering cardio protection to the cell of the 
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animals. Furthermore, Dzeufiet et al.
[35]

 supported this 

study who demonstrated that the seeds and extracts of 

Irvingia gabonensis reduced total cholesterol, 

triacylglycerols, LDL-c, atherogenic index and improved 

HDL-c in diabetic rats. 

 

CONCLUSION 
Mangifera haden seeds has shown to possess high 

antioxidant potency and hypolipidemic activities. 

Therefore, it is suggested that Mangifera haden seeds 

fraction should be incorporated in foodstuffs because of 

its rich antioxidant capacities and hypolipidemic 

potential. Consuming a diet made with this seed kernel 

will not only nourish the body system but also boost the 

immune system against infectious diseases. 
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