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ABSTRACT 

Objective: Poor control of hypercholesterolemia which mediated by overproduction of reactive oxygen species and endothelial dysfunction leads to 
atherosclerosis. The present study aimed to investigate the antihypercholesterolemic and anti-atherogenic effects of Adansonia digitata (AD) in 
heated palm oil/cholesterol supplemented with egg yolk in rat. 

Methods: Quantitative phytochemical screening of aqueous extract of A. digitata was carried out to identify the phytoconstituents. In vitro and in 
vivo antioxidant potential was evaluated. The antihypercholesterolemic and anti-atherosclerosis activity of A. digitata was evaluated by inducing 
hypercholesterolemia in rats with heated palm oil/cholesterol diet supplemented with egg yolk for 10 w. At the end of the induction period, animals 
were divided into 5 groups of 8 rats each after 6 w of induction: Group I (normocholesterolemic rat, NCR), Group II (hypercholesterolemia rat, HCR), 
Group III (Atorvastatin 2 mg/kg), Groups IV (AD. 100 mg/kg) and V (AD. 200 mg/kg). Hemodynamic parameters, lipid profile, atherogenic indices 
and oxidative stress markers were evaluated.  

Results: Adansonia digitata significantly reduced the systolic arterial blood pressure (SBP), diastolic arterial blood pressure (DBP), pulsatile 
pressure (PP) and heart rate compared to the hypercholesterolemic group. Plant extract reveal important flavonoids and phenolic contents and has 
significant in vivo antioxidant efficacy. The higher dose (200 mg/kg) of the extract significantly reduced in the level of total cholesterol by 27.29 %, 
triglycerides by 27.60 % and the LDL-c by 36.04 % meanwhile the HDL-c increased by 277.47 % when compared to 5HPOC treated group. 
Atorvastatin (2 mg/kg) administered in addition to 5HPOC significantly improved in lipid profile as compared to untreated rats. Furthermore, the 
histopathological examination of aorta of 5HPOC-treated rats indicated that the aqueous extract of A. digitata significantly attenuated 
atherosclerosis lesions. 

Conclusion: The aqueous extract of A. digitata possessed antihypercholesterolemic and anti-atherogenic effects via modulation overproduction of 
reactive oxygen species and endothelial dysfunction. 
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INTRODUCTION  

Hypercholesterolemia is one of the leading causes of death in the 
developed countries. It is a chronic progressive disease which 
commonly affects arteries, resulting in reduced blood flow that 
eventually predisposes to various ailments such as coronary artery 
disease, myocardial infarction and cerebrovascular disease [1, 2]. 

The relationship between hypercholesterolemia and cardiovascular 
mortality has been known for decades. Hypercholesterolemia which is 
a risk factor in the progression of atherosclerosis is characterized by 
an increase in the levels of low-density lipoprotein cholesterol (LDL-c), 
very low-density lipoprotein cholesterol (VLDL-c) and a decrease in 
high-density lipoprotein cholesterol (HDL-c) [3]. Moreover, several 
experimental studies have demonstrated that, in addition to its well-
known proatherogenic effect in the vasculature, hypercholesterolemia 
may directly affect the heart causing contractile dysfunction [4]. 

Accumulating evidence has shown that reactive oxygen species (ROS) 
generated during hypercholesterolemia are involved in key processes 
in the development and progression of atherosclerosis, including 
endothelial dysfunction and oxidative modification of low-density 
lipoprotein [5]. In general, lipid metabolism imbalance results from 
the interaction between genetics and environmental factors, such as 

eating habits, especially high lipid consumption. Therefore, diet lipid 
content has been investigated as a key factor in preventing 
cardiovascular disease, including hypercholesterolemia. Experimental 
studies with high-fat diets have used very high contents of dietary fat, 
in short-period protocols, without finding serum lipid impairment. On 
the other hand, Lipid structure, composition, configuration, in addition 
to excessive fat and cholesterol consumption are also believed to affect 
the lipid profile in the plasma. 

Several studies were investigated, inducing hypercholesterolemia in 
rats is often through a high fat, high cholesterol diet, with the fat 
source varying from lard, coconut, soybean or palm oil only or in 
associated [6]. Therefore, it was of great interest to understand the 
antioxidant activity of A. digitata aqueous extract on 
hypercholesterolemia. The present study was designed to evaluate 
the antihypercholesterolemic and anti-atherosclerotic effects of the 
aqueous extract stem bark of A. digitata in rats. 

MATERIALS AND METHODS 

Chemicals and reagents 

Cholesterol, highly Purified obtained from Calbiochem 1-800-222-
0342 (U. S. and Canada); 2,2-diphenyl-1-picrylhydrazyl radical-
scavenging (DPPH); Folin-Ciocalteu reagent (Sigma chemical Co., St. 
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Louis, Mo); 2,4,6-tripyridyl-striazine TPTZ) and Ferric ion Reducing 
Antioxydant Parameter (FRAP) obtained from Sigma (U. S.). All other 
chemicals and reagents used, including (catechin, aluminum 
chloride, potassium acetate, acetate buffer, chloroform, glacial acetic 
acid, urethane) in the present study were obtained commercially 
and were of analytical grade. 

Animals 

The antihypercholesterolemia activity was carried out on fifty 
healthy male albino Wistar rats aged 6-8 w and weighting 180-200 g 
prior to the experiment. Animals were housed in standard 
environmental conditions under a 12/12 h light/dark natural cycle 
in the animal house of the Laboratory of Animal Physiology of the 
University of Yaoundé I. Animals had free access to standard diet 
and tap water ad libitum. All animals treatment procedures used in 
the present study were approved by the Cameroon National Ethical 
Committee (Ref. N ° FWIRB 00001954). 

Source and preparation of diets  

Commercially purchased palm oil local used was five-times-heated, 
according to the modified method as described by Owu et al. [7–9]. 
Briefly, 2.5 L of palm oil was heated in a metal wok at 150 °C for 10 
min. To prepare five-times-heated oil, the whole heating process was 
repeated four more times with a fresh batch and five hours cooling 
interval. No fresh oil was added between batches to replace oil 
absorbed by the heating. The test diets were formulated by mixing 
15% (w/w) of five-heated palm oil with ground 0.5 % cholesterol 
diet supplemented with egg yolk.  

Preparation of the aqueous extract 

Samples of A. digitata were collected in the town of Maroua, 
Diamaré, Far North Region (Cameroon), in November 2017. A 
sample was identified, authenticated, and stored (Cameroon 
National Herbarium SpecimenNo42417/HNC, Yaoundé). The stem 
bark peels were air-dried at room temperature to avoid possible 
degradation or denaturation of their putative compounds. The air-
dried stem bark of A. digitata was blended to powder using an 
electric blender and stored in a glass container. About 100 g of the 
powder stem materials were extracted with 1000 ml of distilled 
water for 24 h. The macerate obtained was filtered using a Wattman 
No. 3 paper then, the resultant extract was dried in the oven at 45 °C. 
A solid mass of the aqueous stem bark extract was obtained and 
stored at 4 °C until use. 

Quantitative estimation of phytoconstituents 

The quantitative phytochemical screening of aqueous extract of stem 
bark of A. digitata was carried out to determine total phenolic and 
total flavonoids content using standard test. 

Determination of polyphenolic concentration  

The polyphenolic contents in the extract were measured using the 
Folin-Ciocalteu reagent (Sigma chemical Co., St. Louis, Mo), 
according to the method of Gabriel et al. [10]. Plant extract (60 µl) 
was mixed with 2 ml of Folin-Ciocalteu reagent diluted 10 times for 
the determination of free polyphenolic content. The extract 
concentrations were from 0.05 to 4 mg/ml (seven different 
concentrations). The absorbance was read at 750 nm after 30 min 
using a spectrophotometer (UV-Shimadzu). Catechin (Sigma) was 
used as standard and each concentration was replicated three times. 
The catechin concentrations were from 10 to 200 µg/ml. 

Total flavonoids content  

The aluminum chloride colorimetric method was used to determine 
the flavonoid content of plant extracts. 0.5 mg/ml of extract solution 
was added into 1.5 ml of methanol. 0.1 ml of 10 % aluminum 
chloride was added followed by incubation for 5 min after which 0.1 
ml potassium acetate (1 M). Finally, 2.8 ml distilled water was added 
and shaked and kept at room temperature for 30 min. Absorbance of 
the sample was noted at 420 nm with UV spectrophotometer. 
Quercetin was used as the standard for the calibration curve. 
Flavonoid contents were expressed as mg/g quercetin equivalent 
dry weight. A yellow color indicated the presence of flavonoids. 

From the standard graph, the amount of total flavonoids content in 
the sample as per absorbance values was calculated and expressed 
as quercetin equivalents (mg/g). 

In vitro antioxidant activity  

A. digitata antioxidant activity was assessed using different assays in 
vitro: 2,2-diphenyl-1-picrylhydrazyl radical-scavenging (DPPH) and 
Ferric ion Reducing Antioxydant Parameter (FRAP). Each test was 
done with three replicates. 

DPPH radical scavenging activity 

The hydrogen-donating ability of each extract was examined 
according to the method previously described by Bender et al. [11] 
in the presence of a DPPH stable radical. Gallic acid at various 
concentrations (5-200 μg/ml) was used as standard. The antioxidant 
activity was calculated as % inhibition using the formula:  

% inhibition =
(Ablank– Asample)

Ablank 
 x 100 

A blank = absorbance of the control  

A sample = absorbance in the presence of the extract. 

The EC50

Antioxidant potential by ferr ic reducing antioxidant power  (FRAP) 

 value (mg/ml), the effective concentration at which the 
DPPH radicals were scavenged by 50 % was calculated with the 
equation from the curve. Gallic acid was used as positive control. 

Extract antioxidant activity was measured by FRAP assay as 
described previously by Apak et al. [12]. Briefly, ferric to ferrous ion 
reduction at low pH forms a colored ferrous-2,4,6-tri (2-pyridyl)-s-
triazine complex. Two milliliter (2.0 ml) of FRAP reagent, containing 
2,4,6-tripyridyl-striazine (TPTZ) 10.0 mmol, FeCl3

Estimation of iodine and peroxide values of palm oil  

 (10.0 mmol) and 
acetate buffer (300 mmol; pH = 3.6) was mixed with 75 μL of extract 
or solvent (blank) to evaluate the free antioxidant capacity. The 
absorbance was read at 593 nm after 12 min of incubation. Catechin 
was used for calibration from 0.05 to 4.0 mg/ml as the extract. 

The iodine/peroxide value of oil was determined according to the 
American Oil Chemists Society (AOCS) standard titration method [13]. 

Study design  

The rats (n = 60) were allowed to acclimatize for 1 w prior to treatment. 
They were randomly divided into two groups. The first group made of 10 
rats received basal diet (control) and the second group of 36 rats was 
received a basal diet fortified with 0.5 % cholesterol, 15 % heated palm 
oil (HPO) and egg yolk, for 6 w. After 6 w, control was maintained and 
the hypercholesterolemic group was further divided into the following 
four groups of 8 rats each: control negative receiving distilled water (10 
ml/kg by oral gavage) and 3 groups receiving by oral gavage aqueous 
extract of A. digitata (at the doses of 100 and 200 mg/kg) or standard 
atorvastatin (10 mg/kg, p. o.), respectively. Atorvastatin or aqueous 
extract in the vehicle was administered daily by oral gavage for the last 4 
w of the study. The mean body weight and food intake were taken 
weekly during the study period.  

Hemodynamic parameters recording 

At the end of the investigation period, the blood pressure and heart 
rate of all rats were recorded. Briefly, each rat was anesthetized 
using an intraperitoneal injection of urethane (1.5 g/kg). The 
trachea was exposed and cannulated to facilitate spontaneous 
breathing. The arterial blood pressure and heart rate were 
measured from the right carotid artery via an arterial cannula 
connected to a pressure transducer coupled with a hemodynamic 
recorder Biopac Student Lab. (MP35) and computer. Thirty minutes 
of equilibration period were observed before each measure.  

Blood and organs collection 

Immediately after hemodynamic parameters recording, blood 
samples were collected from the abdominal artery and centrifuged 
at 3000 rpm for 15 min. The plasma obtained was kept at-20 °C for 
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biochemical analysis. Thereafter, the heart, kidney, liver, and 
thoracic aorta were collected, washed in saline, weighed, and kept 
for assessment of oxidative stress markers. 

Biochemical analysis  

The Mc Even solution was used to homogenize the heart and aorta 
while a Tris-HCl (50 mmol) buffer solution was used for the liver and 
kidney (20%, w/v). Each homogenate was centrifuged at 3000 rpm for 
25 min and stored at-20 °C. Tissue protein concentration was assayed 
according to Gornall et al. [14, 15] using the Biuret reagent 
(CALBIOCHEM, Germany). Malondialdehyde (MDA) was determined 
using the procedure of Wills et al. [16], whereas reduced glutathione 
(GSH) was determined using the method described by Ellman [17]. 
The serum concentrations of total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol 
(LDL-c), and triglycerides (TG) were determined using commercial 
diagnostic kits (CALBIOCHEM, Germany).  

Cardiovascular indices 

Atherogenic indices (AIP), cardiac risk ratio (CRR) and 
cardioprotective index (CPI) were calculated by using the values of 
lipid profile parameters in the following way Niroumand et al. [18]: 

AIP = Log(
Triglycerides

HDL − c 
) 

CRR =
Total cholesterol

HDL − c 
 

CPI =
HDL − c
LDL − c 

 

Histopathological analysis 

The aorta tissues samples were removed and preserved in 10% 
buffered formaldehyde and then processed, embedded in paraffin 
and sectioned (4 µm) as previously reported [19]. Cross abdominal 
aorta section was stained with hematoxylin-eosin and periodic acid-
Schiff stain. The morphological study was done by a pathologist in 
blinded randomized sections of the tissues, with light microscopy 
and using the most appropriate stain for each lesion. 

Statistical analysis 

The results were analyzed using GraphPad Prism software version 
8.0.1 and expressed as mean±standard error of mean (SEM). The 
analysis of variance (ANOVA) was done for batch comparison. The 
Tukey post-test was applied to determine the difference between 
batches in case the ANOVA test was significant at least at p ˂  0.05. 

RESULTS 

Total phenolic and flavonoid contents  

The phenolic and flavonoid contents of A. digitata were determined 
and values are shown in table 1. The aqueous extract of A. digitata 
was found containing a significant amount of phenols and flavonoids 
as demonstrated by its total phenolic and flavonoid contents, with 
respective values of 666.08±14.95 mg/g cathechin equivalents 
(EC/g) and 116.54±3.33 mg/g quercetin equivalents (QUE/g). 

FRAP assay 

Table1 shows the reductive capacities of the aqueous extract of A. 
digitata. The present of the reducers in plant extract causes the 
reduction of F3+/ferricyanide complex to the ferreuse form. The FRAP 
assay was expressed as cathechin equivalent (EC) in mg/g of samples 
used (y = 0.0632x+0.2084;R2

Free radical scavenging assay (DPPH) 

 = 0.9986). The FRAP of aqueous extract of 
the A. digitata was 178.66±1.24 catchechin equivalent (mg/g). 

The results expressed as a percentage of anti-radical activity (table 1) 
reveal that the aqueous extract of A. digitata tested exhibits inhibitory 
activity opposite the radical DPPH, with 60.37+0.52 % compared to the 
standard for a maximum concentration of 100 µg/ml. IC50 for DPPH 
radical-scavenging activity was 60.8 µg/ml, the aqueous extract of A. 
digitata has moderate antioxidant power, it was relatively less potent 
than gallic acid whose value was in the order of 2.95 µg/ml. 

Iodine and peroxide values  

The results investigated to determine the degree of unsaturation in palm 
oil show a highly significant increase in iodine and peroxide values of 
heated palm oil (558.36±8.97 mg/g and 56.33±1.64 mEqO2/kg), 
respectively compared with fresh oil (3.34±0.12 mEqO2

 

/kg). The lower 
iodine value signifies low degree of unsaturation and the lesser the 
liability of the oil to become rancid by oxidation (table 1).  

Table 1: Antioxidant activity, total phenols and total flavonoid 
of A. digitata extract 

Samples Parameters  Values 
 A. 
digitata 

DPPH (%) 60.37±0.52 
DPPH (IC50 60.8   µg/ml) 
FRAP (mg EC/g MS) 178.66±1.24 
Total phenolic content (mg EC/g MS) 666.08±14.95 
Total flavonoid content (mg EQ/g MS) 116.54±3.33 

Palm oil Iodine index (mg/g) 558.36±8.97 
Peroxide index (mEqO2 56.33±1.64 /kg) 

Data are expressed as mean±SEM (n = 3) and analyzed by one-way 
ANOVA followed by the Tukey post-test. 
 

Bodyweight and food intake 

Comparison of the weight gain (fig. 1a) showed that at the end of the 
experimental period on the 42th day of the experiment induced, 
hypercholesterolemic rats (HPOC) had higher (P<0.001) weight gain 
than the control group (fig. 1a). The difference between the control 
and the hypercholesterolemic groups started to become pronounced 
and significant from the two weeks until the end week of the 
experiment. After 42th

 

 day of the experiment induced, an aqueous 
extract of A. digitata applied together with the hypercholesterolemic 
moderately reduced weight gain of the experimental animals 
significant. Additionally, there was no significant difference also, in 
the weekly intragastric application of the combination of the food 
intake in all study groups compared to the control (fig. 1b). 

  

Fig. 1: Effect of aqueous extract of A. digitata or atorvastatin on body weight (a) and food intake in rat fed a HPOC diet supplemented with 
egg yolk. Data are expressed as mean±SEM (n=6) and analyzed by one-way ANOVA followed by the Tukey post-test. cP<0.05, bP<0.01, 
aP<0.001 versus HCR group; NCR: Normocholesterolemic rat; HCR: Hypercholesterolemic rat; AD: Adansonia digitata; Ator: Atorvastatin 
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Effect of aqueous extract of A. digitata on the blood pressure 
and heart rate 

After 10 w of the administration, the hypercholesterolemic group 
showed a significant increase of 22.68 %; 11.76 % and 47.32 % 
(P<0.001) in SBP; DBP and PP respectively compared to the control 
group. A. digitata at different doses caused a significant reduction in SBP, 
DBP ant PP relative to the hypercholesterolemic group. The dose of 100 

and 200 mg/kg produced (10.51 % and 25.91 %, P<0.001) a reduction in 
SBP (2.85 % and 21.88 %, P<0.001), DBP) and (23.59 % and 32.81 %, 
P<0.001) and PP, compared to the hypercholesterolemic group. 
Reduction in these values was significantly higher (P<0.001) than the 
35.36 % (P<0.001) elicited by atorvastatin for PP. The heart rate (HR) of 
rats that were orally administered the extract (100 and 200 mg/kg) as 
well atorvastatin was lowered respectively by 7.44 %, 12.31 % and 4.27 
%, compared to the hypercholesterolemic group (table 2). 

 

Table 2: Effects of the aqueous extract of A. digitata in blood pressure and heart rate 

Parameters PAS (mm Hg) PAD (mm Hg) PP (mm Hg) FC (bats/min) 
NCR 101.67±2.75 70.43±4.27 31.23±3.36 392.09±9.10 
HCR 124.73±6.40 78.72±5.19a 46.01±2.48a 316.17±2.54a 

Ator. 
a 

92.30±2.95 62.56±4.43α 29.74±1.80α 329.63±5.75α 
AD. 100  

α 
111.63±2.84 76.47±3.20α 35.16±2.07α 339.69±22.53α 

AD. 200  
α 

92.41±7.41 61.49±5.74α 30.92±2.47α 355.10±12.57α α 

Data are expressed as mean±SEM (n = 6) and analyzed by one-way ANOVA followed by the Tukey post-test. aP<0.001:significantly different 
compared to HCR; αP<0.001:significantly different compared to NHR. SBP: systolic arterial blood pressure; DBP: diastolic arterial blood pressure; 
PP: pulsatile pressure; HR: heart rate; HPOC: Heated palm oil/cholesterol; NCR: Normocholesterolemic rat; HCR: Hypercholesterolemic rat; AD: 
Adansonia digitata; Ator: Atorvastatin. 

 

Effect of aqueous extract of Adansonia digitata on lipid 
parameters 

As shown in table 3, the daily ingestion of 5HPOC for 10 consecutive 
weeks significantly increased by 52.10 % the level of total 
cholesterol (TC), by 57.36 % the content of triglycerides (TG) and by 
79.13 % the LDL-c level while the HDL-c rate decreased by 73.23% 
respectively, compared to the normal control group. Treatment with 
the aqueous extract (100 and 200 mg/kg) prevented the variation of 
serum TC, TG, LDL-c and HDL-c as compared to the 5HPOC treated 

group. The higher dose (200 mg/kg) of the extract significantly 
reduced in the level of total cholesterol by 27.29 %, triglycerides by 
27.60 % and the LDL-c by 36.04 % meanwhile the HDL-c increased 
by 277.47 % when compared to 5HPOC treated group. Atorvastatin 
(2 mg/kg) administered in addition to 5HPOC significantly improved 
in lipid profile as compared to untreated rats. AIP and CRR were 
significantly elevated in all groups receiving the HPOC supplemented 
with egg yolk compared to the control, while CPI was decreased. 
Atorvastatin or aqueous extract of plant protected all groups tested 
against an atherogenic index. 

 

Table 3: Effects of aqueous extract of A. digitata on serum compounds and atherogenic index 

Parameters NCR HCR Ator. AD. 100 AD. 200 
TG (mg/dl) 78.06±2.86 122.86±5.05 73.88±2.79a 103.54±3.84α 88.94±3.43α α 
TC (mg/dl) 87.86±4.47 133.67±5.40 100.90±5.05a 95.04±9.48α 97.19±8.07α 
LDL-C (mg/dl) 

α 
41.23±0.97 73.90±2.82 42.33±1.91b 42.34±1.87 α 47.21±1.48β 

HDL-C (mg/dl) 
δ 

48.69±2.90 14.66±2.98 32.76±1.28a 26.70±1.97 δ 39.24±1.90
CPI 

β 
1.18±0.10 0.20±0.06 0.77±0.11 a 0.63±0.07 0.83±0.08

CRR 
c 

1.80±0.30 9.12±5.81 3.03±0.22a 3.56±0.28α 2.48±0.24α 
AIP 

α 
0.20±0.08 0.92±0.16 0.35±0.03 a 0.59±0.11 0.36±0.06c b 

Data are expressed as mean±SEM (n = 6) and analyzed by one-way ANOVA followed by the Tukey post-test. aP<0.001:significantly different compared 
to HCR; αP<0.001:significantly different compared to NHR. AIP: atherogenic indices; CRR: cardiac risk ratio; CPI: cardioprotective index (CPI) HPOC: 
Heated palm oil/cholesterol; NCR: Normocholesterolemic rat; HCR: Hypercholesterolemic rat; AD: Adansonia digitata; Ator: Atorvastatin. 

 

Effect of A. digitata on GSH levels 

Fig. 2a shows that GSH levels were significantly decreased in the 
heart by 52.45 % (P<0.001), aorta by 47.80 % (P<0.01), liver by 
25.53 % (P<0.001) and kidneys by 43.56 % (P<0.001) of 
hypercholesterolemic treated rats compared to the normal control 
group. Nevertheless, the extract (100 and 200 mg/kg body 
weight/day) like captopril significantly prevented the decrease in 
GSH levels. A. digitata at the dose of 200 mg/kg exhibited a 
significant decrease of GSH in heart by 90.72 %, aorta by 63.69 % 
(P<0.01), liver by 19.73 % (P<0.001) and kidney by 29.21 % 
(P<0.01) as compared to the hypercholesterolemic group. 

Effect of A. digitata extract on nitrites content 

Fig. 2b represents the level of nitrites in aorta, heart, liver and 
kidney of different rat groups. Results of this study revealed 
hypercholesterolemic intake alone decreases the concentration of 
nitrites in the above tissues compared with normal control group. It 
decreased significantly in aorta by 48.41 % (P<0.001), heart by 
45.16 % (P<0.001) and liver by 76.82 % (P<0.001) in the 
hypercholesterolemic group as compared to the normal group. The 
plant extract as well as atorvastatin prevented the deleterious 

effects of hypercholesterolemic in the tissues. The extract at the dose 
of 200 mg/kg significantly decreased the concentration of nitrite in 
aorta 107.47 % (P<0.001) and heart 124.83 % (P<0.001), compared 
to the hypercholesterolemic group. 

Effect of A. digitata on MDA levels 

MDA levels were significantly higher in heart by 54.20 %, aorta by 
39.96 %, liver by 108.78 % and kidney by 95.19 % tissues of 
hypercholesterolemic treated rats as compared to the normal group. 
The administration of the plant extract prevented the rise in tissue 
MDA levels by 33.41 % (p<0.05) in the heart, 32.81 % (p<0.01) in 
aorta, 27.67 % (p<0.001) in liver and 37.08 % in kidneys (p<0.001) 
at the dose of 200 mg/kg as compared to the hypercholesterolemic 
group. The same effect was observed with atorvastatin (2 mg/kg) 
and extract at the dose 100 mg/kg (fig. 2c). 

Histopathological of aorta 

The histology of aorta in heated palm oil/cholesterol supplemented 
with egg yolk-induced atherosclerosis is shown in fig. 3. In normal 
control, the thickness of tunica intima, media and adventitia 
appeared within normal limits. In the hypercholesterolemic group, 
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the aorta section revealed initiation of atherosclerosis lesions with 
mild thickening of tunica intima which is start degeneration of 
endothelial cells responsible in formation of atheroma plaque. In 

atorvastatin and aqueous extract, the layers of artery appeared 
intact and few areas appeared disruption. Tunica adventitia 
appeared within normal limits and thickness. 

  

 

 

Fig. 2: Effect of A. digitata on GSH (a), nitrite (b) and MDA (c) levels of HPOC supplemented with egg yolk induced hypercholesterolemic 
rats. Data are expressed as mean±ESM (n=6) and analyzed by one-way ANOVA followed by the Tukey post-test. aP<0.001, bP<0.01, 

cP<0.05:significantly different compared to HCR. αP<0.001, βP<0.01, δP<0.05:significantly different compared to NHR. HPOC: heated 
palm oil/cholesterol; NCR: normocholesterolemic rat; HCR: hypercholesterolemic rat; AD: Adansonia digitata; Ator: Atorvastatin 

 

 

Fig. 3: Effect of atorvastatin and aqueous extract of A. digitata on HPOC supplemented with egg yolk induced alteration in aorta histology 
of rats. (Haematoxylin/Eosin staining; x 100). Ad: adventice; In: intima; Me: media; Lu: lumen of aorta; Ep: media thickening; NCR: 

normocholesterolemic rat; HCR: hypercholesterolemic rat; AD: Adansonia digitata; Ator: Atorvastatin 

 

DISCUSSION 

It has been well established that nutrition plays an important role in 
the etiology of hypercholesterolemia and atherosclerosis. Also, 
several animal and human studies have confirmed the 
hypercholesterolemic properties of saturated fatty acids and 
cholesterol which include the elevated levels of TC, TG and LDL-c in 
serum are factors of risk for the development of atherosclerosis and 
other cardiovascular diseases (CVD) [20]. This study was carried out 
to ascertain the involvement of inflammation in 
hypercholesterolemia-related blood pressure elevation after 
consumption heated palm oil/cholesterol combined with egg yolk. 
We postulated that heating the palm oil repeatedly or high 
cholesterol would generate harmful ROS and hence induce 

inflammation and endothelial dysfunction. There was a significant 
increase in body weight at the end of the study for all the groups. 
This finding suggests that prolonged feeding with standard or HPOC 
fed supplemented with egg yolk did not affect the growth response. 
Non-significant reduction in the body weight was observed in the 
plant extract ameliorated throughout the experiment period when 
compared to the HPOC-fed Group. 

In this study, chronic ingestion of cholesterol/heated palm oil 
combined with egg yolk for 10 w caused a significant increase in BP 
as compared of the normal control. This significant increase in blood 
pressure was in agreement with a previous study Adam et al. [21] 
showing prolonged intake of repeatedly heated palm oil increased 
blood pressure. We believe that the feeding of repeatedly heated 
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palm oil may contribute by over-production of reactive oxygen 
species-related blood pressure, as reflected by the higher level of 
peroxide and iodine values in hypercholesterolemic group. Few 
studies have demonstrated the possible links between hypertension 
with the consumption of polar compounds in the cooking oil [22] 
and the increase in the levels of reactive oxygen species. Results 
disclose that the aqueous extract is efficient as an antihypertensive 
agent by significantly preventing the increase of blood pressure in 
diet-fed hypertensive rats. According to our results based on the 
antioxidative capacity of aqueous extract of A. digitata, it seems that 
A. digitata with its compounds is a strong inhibitor of oxidation 
stress, vascular inflammatio n and impairs the endothelial function. 
Oxidative stress, due to the over-production of ROS, can be 
diminished with aqueous extract of A. digitata by its antioxidant 
capacity, which can inactivate ROS and consequently counteract 
plasma ROS hence reduce infl ammation of the blood vessel 
endothelium. Beside their antioxidant capacity, flavonoids improve 
lipid profile and have anti-inflammatory and antithrombotic effects 
as well. This antioxidative mechanism could contribute to the 
protective effect against cardi ovascular diseases or other chronic 
diseases connected with oxidative stress. The antihypertensive 
effects of this extract may also involve the beneficial alteration in 
endothelium-derived factors. The present finding provides further 
support to the cardiovascular protective effect of aqueous extract of 
A. diditata.  

Rats fed HPOC diet supplemented with egg yolk at the end of 
experimental period acts as extrinsic inducer and significantly 
increase the cholesterol, triglyceride, LDL levels and decrease HDL 
level. This is in accord with the previous finding reported by Varsha 
et al. [20] who showed that feeding rats with high cholesterol diet 
for 10 d induced hyperlipidemia. Increase in LDL might be oxidation 
of LDL into oxidated low-density lipoprotein (ox-LDL) indicates the 
first step of atherosclerosis in cardiovascular diseases, stimulating 
the immune and the inflammatory reactions that initiate the process 
of atherosclerotic plaque buildup [23]. Numerous experimental 
reports showed that high cholesterol diet has increase lipid status 
and increased lipid level act as an indicator of establishment of 
hypercholesterolemia in animal models [24]. HDL cholesterol is 
inversely connected with total cholesterol and several evidences are 
available regarding this fact. Therefore, HDL has a useful effect in 
reducing tissue cholesterol, and increasing ratio in serum is 
suggested while decreasing level that for LDL-cholesterol to reduce 
the risk of cardiovascular diseases [25]. In addition, HDL can reduce 
or neutralize the atherogenic effects of oxidized LDL in artery walls. 

If it is taking into account the serum concentrations of total 
cholesterol, HDL, LDL and triglyceride in the hypercholesterolemic 
model. Our results indicated that the aqueous extracts of A. digitata 
possess a favorable effect in the management on rat’s lipid profile 
with regard to the reduction of total cholesterol, LDL-cholesterol and 
triglycerides. The lipid-lowering potential of the extract may be 
attributed to the presence of phytochemical constituents such as 
flavonoids/polyphenols and its antioxidative capacity. Flavonoids 
are reported to lower LDL cholesterol and increase HDL-cholesterol 
concentrations in hypercholesterolemic animals [26]. 

It is known that reactive oxygen species (ROS) contribute to the 
pathogenesis of numerous cardiovascular diseases, including 
hypercholesterolemia. In the present work, antioxidant properties of 
the aqueous extract of A. digitata were determined by measuring 
GSH, MDA and NO activities in the tissues of rats 
hypercholesterolemic by HPOC supplemented with egg yolk. 
Treatment with aqueous extract of A. digitate, in our study results, 
improve a significant increasing free-radical-scavenging enzymes 
levels in tissues.  

The antioxidant activity of the extract was evident in vivo by the 
protective effects of aqueous extract of A. digitata ability to prevent 
lipid peroxidation. That was shown with the low levels in MDA on 
different organs of antihypercholesterolemic rat treated with the 
plant extract. Inhibition of lipid peroxidation and production 
increase of GSH may confirm the implication of the antioxidant effect 
of the plant extract in the treatment of hypercholesterolemia. The 
significant increase in tissues GSH suggested that the activation of 
the GSH synthetic pathway does not occur as outcome of an 

increased production of free radicals. Also, Olukanni et al. [27] 
reported molecular evidence also suggest that the ability of some 
phenolic compounds to activate c-glutamylcysteine synthetase (a 
rate-limiting enzyme in GSH synthesis). In addition, the improved 
reduced glutathione activity may offer an effective defense system 
and prevent from the damage of free radicals. MDA is one of the end-
products of polyunsaturated fatty acid peroxidation and is a good 
indicator of the degree of lipid peroxidation [28, 29]. Our results 
indicated increase in MDA level in the homogenates tissues of 
hypercholesterolemic group, suggesting enhanced lipid peroxidation 
leading to tissue damage and failure of antioxidant defense 
mechanisms to prevent the formation of excessive free radicals. The 
reduced MDA content upon administration of the extract points out 
the favorable impact of this extract in breaking the chain reaction of 
lipid peroxidation engendered by chronic intake-fed. Inhibition of 
lipid peroxidation and production increase of GSH may confirm the 
implication of the antioxidant effect of the plant extract in the 
treatment of atherosclerosis. Similar results were obtained with 
Allanblacka floribunda ethanol extract when studying its 
antihypertensive activity related to its antioxidant potential [30]. The 
other major free-radical which contributes to oxidative/nitrative 
stress is NO. NO is responsible for the relaxation of vessels and plays 
an important role in matching tissue perfusion to demand [31]. 
Considerable evidence indicates that overproduction of ROS under 
hypercholesterolemic conditions causes the inactivation of NO and the 
development of endothelial dysfunction, as well as the oxidative 
modification of LDL [32]. In addition, several studies demonstrated 
that NO is the major mediator of endothelium-dependent relaxation of 
rat aortae and that mechanism of vasorelaxation is impaired in many 
pathological diseases, including hypercholesterolemia and diabetes 
[33]. Our results also demonstrate aqueous extract of A. digitata 
significantly increase the NO level in the tissues. These findings 
suggest that chronic treatment with plant extract increases NO 
bioavailability and improves hypercholesterolemia-induced 
endothelial dysfunction. 

CONCLUSION 

The findings of the present study suggest that aqueous extract of A. 
digitata could be a potential source of antioxidants and could have 
greater importance as therapeutic agent in preventing or slowing 
down oxidative stress-related degenerative diseases. This antioxidant 
activity is due mostly to compounds with hydrogen donating ability 
which combined with its good chelating ability for ferrous ions 
contributing to protect vital organs. The antioxidant activity related to 
the beneficial effects of A. digitata administration on 
hypercholesterolemia is the reduction of oxidative stress in aortic 
tissues. Further, studies are required to again more insight in to the 
possible mechanism of action. 
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