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Introduction  
In recent years, interest in natural antioxidants, in relation 

to their therapeutic properties, has increased considerably. 
Scientific research in various fields has been developed for the 
extraction, identification and quantification of these compounds 
from several natural substances, namely, medicinal plants and 
food products. [1-3]. The antioxidant activity of a compound is its 

Abstract
High fat diet (HFD) is an ideal model for type 2 diabetes mellitus (T2DM) that would closely reflect the natural history and metabolic 

characteristics of human T2DM and is also suitable for pharmacological screening. The present study evaluated the anti obesity prop¬erties of 
Annona senegalensis and Trichilia prieureana in high fat diet fed rats. 

The present study aimed to investigate the phytochemical profile of Annona senegalensis and Trichilia prieureanaAnnona senegalensis and 
Trichilia prieureana ethanol extracts their antioxidant and antidiabetic activities that could lead to the finding of more effective agents for the 
treatment and management of diabetes. For this purpose, antioxidant activity was assessed using different tests : ferric reducing ability power 
(FRAP), 2,2-diphenyl-1-picryl hydrazyl (DPPH).  The antioxidant capacities in the forms of DPPH (2,2-diphenyl-1-picrylhydrazyl) and FRAP (Ferric 
Reducing Antioxidant Power) were evaluated by spectrophotometric methods.  

The results showed that total polyphenols compounds, flavonoids and condensed tannins values were higher in ethanolic extract of Annona 
senegalensis : 35.0388 mg equivalent of gallic acid/g of extract of dry plant, 31.90 mg equivalent of rutin/g of extract of dry plant and 15.21 mg 
equivalent of catechin/g of extract of dry plant. In this study, the DPPH radical scavenging activities of extracts therefore increased gradually in a 
dose concentration. Results were expressed as IC50. The most active was extracts of Annona senegalensis (IC50 = 0.0197± 0.10 mg/mL) and Trichilia 
prieureana (IC50 = 0.1192± 0.44 mg/mL) showed the lowest activity.

Extracts of Annona senegalensis showed the highest reducing power (1086.33 ± 1.7 µmol AAE g-1). Extracts of Trichilia prieureana, (548.65 ± 
0.65µmol AAE g-1) exhibited the lowest value.  The ethanol extract of Annona senegalensis showeda better inhibitory activity (85±0.57%) on the 
pancreatic lipaseat a concentration of 1 mg/ml.  

 The anti obesity effects of Annona senegalensis and Trichilia prieureana are evaluated by feeding ethanol extract of Annona senegalensis and 
Trichilia prieureana orally in with two experimental doses :200 and 400 mg/kg body weight. The HF diet resulted in significant increases in the 
body weight, serum triglyceride, serum total cholesterol and serum low density lipoprotein cholesterol levels. The HF diet also induced adipocyte 
hypertrophy, lipid accumulation. 

Annona senegalensis and Trichilia prieureana reversed all of these changes and significantly increased serum superoxide dismutase and 
decreased serum cytokine (interleukin 6) levels. The protein expression of levels PPARγ in the HF diet group was significantly increased compared 
with the other groups, but was decreased significantly in the Annona senegalensis and Trichilia prieureana group. In the in vivo portion of the study, 
Annona senegalensis and Trichilia prieureana was found to reduce the expression levels of markers of obesity, inflammation and oxidative stress in 
rats. Obesity was induced in rats by feeding them a HF diet for 16 weeks. The results of the present study demonstrate that Annona senegalensis 
and Trichilia prieureana have the potential to reduce the risk of obesity associated with adiposity, anti inflammation and anti oxidation. This study 
revealed that the bioactive compound content differences could be determinant for the medicinal properties of this plants especially for antioxidant 
and antidiabetic activities.

Keywords : Annona senegalensis ;Trichilia prieureana ; antioxidant ; polyphenols ; radical scavenger ;type 2 diabetes mellitus ; insulin resistance 
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ability to resist oxidation.

The best known antioxidants are β-carotene (provitamin A), 
ascorbic acid (vitamin C), tocophérols (vitamin E) and phenolic 
compounds. Indeed, most antioxidants of synthetic or natural 
origin have hydroxyphenolic groups in their structures and the 
antioxidant properties are attributed, in part, to the ability of 
these natural compounds to trap free radicals such as hydroxyl 
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(OH•) and superoxide (O2•) radicals [4–5]. Several methods are 
used to evaluate, in vitro and in vivo, the antioxidant activity 
by trapping different radicals, such as ROO- peroxides by ORAC 
(Oxygen Radical Absorbance Capacity) and TRAP (Total Radical-
Trapping Antioxidant Parameter) methods [6]; ferric ions by the 
FRAP method (Ferric ion Reducing Antioxidant Parameter) [7]; 
ou les radicaux ABTS• (sel d’ammonium de l’acide 2,2’-azinobis-
3-ethylbenzothiazoline-6-sulfonique) [8], as well as the method 
using the free radical DPPH• (diphenyl-picrylhydrazyle) [9]. 
Giens the complexity of oxidation processes and the diverse 
nature of antioxidants, with both hydrophilic and hydrophobic 
components, there is no universal method by which antioxidant 
activity can be quantitatively measured in a précises manner. 
Most often it is necessary to combine the responses of different 
and complementary tests to get an indication of the antioxidant 
capacity of the test sample [10-12]. 

Insulin-dependent diabetes (Type 1, lean diabetes or diabetes 
of the young) as well as non-insulin-dependent diabetes (Type 2, 
fat diabetes or diabetes of the elderly) is a metabolic disease that 
affects about 2% of the world’s population, or about 300 million 
people. According to World Health Organization (WHO), diabetes 
has become the fourth or fifth cause of death in most developed 
countries. 

The World Health Organization defines obesity as 
accumula¬tion of excessive fat in the body [13], which is most 
commonly caused by overconsumption of fat rich diets [14-
15]. Consumption of excessive quantities of fat can result in the 
accumulation of visceral fat and an increase in body weight [14]. 
Obesity has been cited as à public health problem that is also 
associated with an increased risk of metabolic diseases, such 
as cardio¬vascular disease, diabetes mellitus, dyslipidaemia, 
metabolic syndrome and several types of cancer [16-17], 
therefore, control¬ling it is essential for improving personal 
health.

Obesity is indeed a major risk factor for insulin resistance 
and type 2 diabetes. Insulin resistance is characterized by a 
decrease in the ability of target tissues, especially muscle, liver 
and adipose tissue, to respond to insulin effects. Therefore, at 
normal concentrations, insulin is unable to produce an adequate 
biological response. To compensait, insulin secreting β pancreatic 
cells increase their release of the hormone, thus resulting in a 
state of hyperinsulinemia. Eventually, β cell dysfunction leads 
to impaired insulin secretion which accentuates deregulation of 
glucose and lipid metabolism in insulin sensitive tissues such as 
skeletal muscle, adipose tissue and liver.

The muscle is the main site of glucose disposal in human, and 
approximately 80% of total body glucose uptake occurs in skeletal 
muscle [18] through insulin- and exercisesensitive glucose 
transporters, Glut4. Following exercise or insulin stimulation, 
Glut4 transporters translocate from intracellular vesicles (basal 
state) to the cell surface of muscle cells (and, to a lesser extent, of 
adipose cells) to mediate glucose uptake from the bloodstream, 
without necessarily altering expression levels of the transport 

protein. In addition, manipulation of Glut4 levels in transgenic 
mice revealed that glucose homeostasis is also highly sensitive to 
Glut4 expression levels. In fact, specific elevation in the level of 
Glut4 expression in the muscle prevents insulin resistance [19].

Adipose tissue is a major site of fatty acid synthesis and storage. 
PPAR γ and CCAAT/enhancer binding protein (C/EBPs) are the 
two key factors affecting the proliferation and differentiation of 
adipose cells [20] and are responsible for lipid accumulation into 
white adipose tissue (WAT). Adipogenesis is the process of cell 
differentiation by which preadipocytes become adipocytes with 
the characteristic intracellular accumulation triglycerides (TG). 
Thiazolidinediones, a class of oral hypoglycemic drugs that act 
through PPAR γ agonism, can improve insulin sensitivity and 
glucose tolerance by promoting the storage of blood lipids (free 
fatty acids) into the WAT [21], thereby preventing ectopic fat 
storage in muscle and liver. On the other hand, the physiological 
role of WAT does not only relate to simple energy storage [22].

WAT also plays an important role in regulating systemic 
insulin sensitivity by secreting adipokines such as adiponectin 
and leptin which influence whole body metabolism [23]. 
Adiponectin is a protein hormone that modulates a number of 
metabolic processes, including glucose regulation and fatty acid 
catabolism [24]. It plays a role in the suppression of the metabolic 
derangements that may result in type 2 diabetes [25], obesity, 
atherosclerosis [24] and metabolic syndrome. Leptin is also a 
protein hormone that plays a key role in regulating energy intake 
and energy expenditure, including appetite and metabolism [26]. 
Obesity is often associated with an elevated leptin-to-adiponectin 
ratio and leptin resistance is frequent in obese individuals, 
thereby deregulating satiety signals [27]. In the present study, we 
therefore paid attention to PPAR γ, C/EBP, adiponectin and leptin 
parameters.

The liver plays a crucial role in the homeostasis of glucose by 
its ability to control blood sugar level through glucose production 
or storage, notably in the form of glycogen. This organ also 
regulates lipid homeostasis through a process implicating key 
lipogenic enzymes such as acetyl-CoA carboxylase (ACC) and 
fatty acid synthase (FAS), as well as the transcription factor 
stérols response element-binding protein-1 (SREBP-1) [28]. 
The latter controls the synthesis of cholesterol, fatty acids and 
triglycerides [29] and may be involved in the pathogenesis of 
hepatic insulin resistance [30] through the enhancement of 
lipogenenic enzymes. This leads to the intracellular accumulation 
of triglycerides and hence hepatosteatosis [28]. The increase of 
SREBP-1 expression is usually caused by hyperinsulinemia and 
inflammatory cytokine such as IKK [31-32]. Hence, SREBP-1 have 
been assessed in this study to determine the effects of Annona 
senegalensis and Trichilia prieureana on liver in vivo.

We therefore sought to confirm the plant’s antidiabetic 
potential in vivo and to further investigate the mechanisms 
by which this plant can improve systemic glucose and lipid 
homeostasis. For this purpose, we chose the diet-induced obesity 
(DIO) mouse model. Indeed, mice fed chronically with a high fat 
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diet develop obesity, hyperglycemia and hyperlipidemia [33]. 
The DIO model thus adequately reflects the fact that a high-
fat diet is the major environmental factor causing overweight 
and participating in the metabolic syndrome to type 2 diabetes 
continuum in humans [34].

Materials and Methods  
Plant materials used were constituted of Annona senegalensis 

and Trichilia prieureana leaves. These plant organs were collected 
in July 2018 in the municipality of Tori-Bossito (Atlantique 
department, southern Benin) and certified at the Benin National 
Herbarium under the voucher number YH237/HNB for Annona 
senegalensis, YH238/HNB for Trichilia prieureana. The harvest 
time of these plants studied was chosen based on the foliage 
time of each plant. In addition, it is during these periods that the 
traditional healers collect these plant samples for use in Beninese 
pharmacopeia.

The animal material used consists of male albino rats (Rattus 
norvegicus) of wistar strain weighing on average 150g. The rats 
are acclimatized in the normal conditions of the animal house 
of the Laboratory of Physiopathology/Molecular Pharmacology 
and Toxicology of the Faculty of Sciences and Techniques of the 
University of Abomey-Calavi. These rats have free access to food 
and water.

The standard diet is in the form of pellets provided by the 
group Véto service SA (GVS - Benin) in charge of animal nutrition, 
whose composition is as follow : 16% protein, 60% ENA (non-
nitrogenous extract, i.e. carbohydrates), 3% lipids, 5% minerals 
and vitamins, 12% humidity. The caloric intake is 2900 Kcal/kg.

Ethical Approval 
This study is part of a thesis. The committee of the “Doctoral 

School Life and Earth Science (ED-SVT)” of the University of 
Abomey-Calavi (UACBenin) under the number 168702 has 
authorized this study. 

Preparation of ethanolic extracts 

The dried sheets of Annona senegalensis and Trichilia 
prieureana are crushed separately in a kifé mill.520 g of each 
powder obtained is deposited in two different bottles.The volume 
of ethanol used for the maceration is of 3L.The duration of the 
maceration is 72 heures. Then macerated it is filtered through 
absorbent cotton fibre.The filtrate obtained is evaporated using 
evaporator Rotavapor.The paste deposited at the bottom of 
the balloon of the evaporator is recovered in setting and watch 
glasses to drying with the drying oven with 45C.After complete 
drying, the dry extracts coupled in the watch glasses are scraped 
using the stainless spatula, crushed then kept in dry bottles of 
100ml of capacity.

Quantification of some bioactive molecules 

Total phenolics content

Total phenolics of each extract were estimated by 

Folinciocalteu reagent method [35]. This method is based on the 
reduction in alkaline media of phosphotungstic mixture (WO42- 

) phosphomolybdic (MoO42-) of Folin reagent by the oxidizable 
group of phenolic compounds, leading to the formation of blue 
reduction products. Latter have à maximum absorption at 765 
nm whose intensity is proportional to the amount of polyphenols 
present in the sample. Then, 200 μl of diluted sample were added 
to 1 ml of 1 :10 diluted Folin–Ciocalteu reagent. After 4 min, 800 
μl of saturated sodium carbonate (75 g/l) was added. After 2 h 
of incubation at room temperature, the absorbance at 765 nm 
was measured. The standard calibration curve was plotted using 
gallic acid (y =0,043x – 0,051; R2 = 0,994). The mean of three 
readings was used and the results expressed as mg of Gallic Acid 
Equivalents (GAE)/100 mg of extract.

Total flavonoid content

The determination of flavonoids was performed according 
to the colorimetric assay described previously [36]. To 1 ml of 
extract (100 μg mL-1), 3 ml of methanol, 0.2 ml of 1 M potassium 
acetate, 0.2 ml of 10% aluminium chloride and 5.6 ml of 
distilledwater was added and left at room temperature for 30 
minutes. Absorbance of the mixture was read at 415 nm using UV 
spectrophotometer. Quercetin was used as reference compound 
to produce the standard curve (y = 0,325x – 0,363; R2 = 0,995) 
and the results were expressed as mg of quercetin equivalent 
(QE)/100 mg of extract.

Condensed tannins

Condensed tannins were estimated using the method of author 
[37] modified by author [38] Vanillin reagent was prepared by 
mixing equal volume : 8%, methanol at 37% and 4% of vanillin in 
methanol. The mixture was maintained at 30° C before the assay. 
Two hundred (200) μl of each extract to be analyzed were added 
to 1 000 μl of reagent of vanillin ; the mixture was stirred and 
incubated in darkness at 30 °C for 20 min. The absorbance was 
measured at 500 nm by a spectrophotometer UV (Perkin Elmer) 
against white consisting of a mixture of methanol (37%) and HCl 
(8%) with equal volume.

DPPH radical scavenging activity

The antioxidant activity was determined according to the 
method previously described [39]. In the presence of antioxidant 
which is typical for DPPH free radical decays, the change in 
absorbency at 517 nm is followed spectrophotometrically. Briefly, 
1.5 ml of a freshly prepared methanolic solution of DPPH (2%) was 
mixed with 0.75 ml of extract solution (1–0.007 mg/ml). After 15 
min of incubation in the dark, at room temperature, absorbencies 
were read at 517 nm against a blank sample consisting of a 1.5 
ml of methanol and 0.75 ml of extract solution. All tests were 
performed in triplicate. DPPH radical inhibition percentage was 
calculated according to the following formula : inhibition (%) 
= [(AB – As) / AB] x 100 were as is the sample (tested extract 
solution) absorbance and AB is the blank absorbance.
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Ferric-Reducing antioxidant power (FRAP) assay

The reducing power was based on iron (III) to iron (II) 
transformation in the presence of the extracts. The iron (II) can 
be monitored by measuring the formation of Perl’s blue at 700 
nm. Reducing ability was performed using the procedure method 
described by Saeed et al. [40] with some little modifications. 
Briefly, 2 ml of extracts (100 μg/ml) were mixed with 2 ml 
of phosphate buffer (0.2 M, pH 6.6) and 2 ml of potassium 
ferricyanide (10 mg/ml). The mixture was incubated at 50°C for 
20 min followed by addition of 2 ml of trichloroacetic acid (100 
mg/l). The mixture was centrifuged at 3000 rpm for 10 min to 
collect the upper layer of the solution. A volume of 2 ml from each 
of the mixture earlier mentioned was mixed with 2 ml of distilled 
water and 0.4 ml of 0.1% (w/v) fresh ferric chloride. After 10 min 
reaction, the absorbances were read at 700 nm. Ascorbic acid was 
used to produce the calibration curve (y = 0.028x-0.024 ; R2 = 
0.995).

The iron (III) reducing activity determination was performed 
in triplicate and expressed in μMol Ascorbic Acid Equivalent 
(AAE)/g of extract.

In vitro pancreatic lipase inhibition assay 

The inhibitory effect of ethanols extracts from Annona 
senegalensis and Trichilia prieureanaon pancreatic lipase activity 
was slightly modified according to a previously described 
method [41]. The in vitro pancreatic lipase assay was Briefly, 
porcine pancreatic lipase (Sigma Aldrich ; Merck KGaA) was 
dissolved in distilled water to a final concentration of 1 mg/ml. 
The stock of 1% (w/v) 4 nitrophenyl laurate (Sigma Aldrich ; 
Merck KGaA) was used as the lipase substrate and dissolved in 
5 mM sodium acetate (pH 5.0) containing 1% Triton X 100. To 
initiate the reaction, the reaction mixture containing 80 μl assay 
buffer, 30 μl orlistat (1mg/ml) or Annona senegalensis (0.5mg/
ml ; 1mg/ml) or Trichilia prieureana (0.5mg/ml ; 1mg/ml), and 
4 nitrophenyl laurate were mixed and incubated at 37˚C for 
2 h before centrifugation at 23,000 x g for 2.5 min at 25˚C. The 
absorbance was measured at 400 nm. In a micro¬plate reader 
(BioTek Synergy HT ; Bio Tek Instruments, Inc.). The results are 
expressed as percentage inhibition, and were calculated from 
(Ablank Asample) /Ablankx100), where Ablank is the absorbance 
of the control and Asample is the absorbance of orlistat or Annona 
senegalensis or Trichilia prieureana.

Induction du diabète expérimental : DIO rats model

Animals

Albino Wistar male rats 7-8 weeks old and weighing 200-250 
g were used. The animal material consisted of male albino rats 
of the Wistar strain. The rats were bred at the animal house of 
the Institute of Applied Biomedical Sciences (ISBA) of the Faculty 
of Science and Technology of the University of Abomey-Calavi.
The rats are acclimatized in the Laboratory of Physiopathology/
Molecular Pharmacology and Toxicology (Faculty of Science 
and Technology of the University of Abomey-Calavi) for two 

weeks before the beginning of the experiment under controlled 
conditions of temperature (23° ± 2°C), humidity (50% ± 5%) 
and 12 h light-dark cycles. We selected male animals for all our 
studies, since females are shown to be protected from changes in 
lipid-induced insulin action [42].

The animals were randomized into experimental and control 
groups and housed individually in sanitized polypropylene 
cages containing sterile paddy husk as bedding. Theyhad free 
accessreceived standardchow diet as basal diet and water 
ad libitum. All the studies conducted were approved by the 
Institutional Ethical Committee. The rats were allocated into two 
dietary regimens and were fed on either standard chow diet(4.1% 
fat, 22.2% protein,0.0 % Fiber and 12.1% carbohydrates, as a 
percentage of total kcal) or high fat diet (HFD) (58% fat, 25% 
protein, 6.7 % Fiber and 17% carbohydrate, as a percentage of 
total kcal) ad libitum.

Diets were prepared freshly every week and stored at 4 °C. 
The food and water were provided ad libitum and replenished 
every 3–4 days. During the study, body weight, food intake, water 
intake and blood glucose levels were measured two or three 
times a week, at the same time in the morning. 

Study of the anti-diabetic activity of Annona senegalensis 
and Trichilia prieureana in normal and diabetic rats.

In order to study the anti-diabetic activity of Annona 
senegalensis and Trichilia prieureana, proclaimed by 
ethnobotanical surveys, we considered the ethanolic extracts of 
Annona senegalensis and Trichilia prieureana, prepared according 
to the methodology described in the material and method section. 
In addition, we used normal (non-diabetic) and diabetic rats in 
the obese and insulin resistant rat model, which was made obese 
by a daily high-fat diet (35% fat). This rat model represents a 
valuable tool to study and validate new therapeutic avenues for 
the treatment of obesity and diabetes [43], and we used three 
procedures : short-term test, oral glucose tolerance test and long-
term test.

Short term study

30 normal fasting rats were divided into six groups (n=6), 
and were treated orally with the ethanolic extracts of Annona 
senegalensis and Trichilia prieureana at the doses of 200 mg/kg/
day, p.o and 400 mg/kg/day, p.o:  

-Group 1 : control group treated orally with saline solution 
(NaCl 0.9%, 10 ml/kg body weight) 

- Group 2 : treated orally with the extract Annona senegalensis 
(A-Eet)(200 mg/kg body weight /day, p.o.)

- Group 3 : treated orally with the extract Annona senegalensis 
(A-Eet) (400 mg/kg body weight /day, p.o.)

- Group 4 : treated orally with the extract Trichilia 
prieureana(T-Eet)(200 mg/kg body weight /day, p.o.)
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- Group 5 : treated orally with the extract Trichilia prieureana 
(T-Eet)(400 mg/kg body weight /day, p.o.) 

Blood glucose was measured at 0 min (extract gavage), 30, 
60, 90, 120, 150, and 180 min, on a drop of blood collected from 
the tail end of the animals. An Accu Check Active glucose meter 
(Roche), wasused for the measurements.

Oral Glucose Tolerance Test (OGTT) 

36 normal fasting rats were divided into six groups (n=6), 
treated orally with ethanolic extracts of Annona senegalensis et de 
Trichilia prieureanaat doses of 200 and 400 mg/kg, 60 min before 
gavage of a glucose solution (2g/kg body weight) :

-Group 1 : control group treated orally with saline solution 
(0.9% NaCl, 10 ml/kg bw) 

- Group 2 : treated orally with the extract Annona senegalensis 
(200 mg/kg body weight /day, p.o.)

- Group 3 : treated orally with the extract Annona senegalensis 
(400 mg/kg body weight /day, p.o.)

- Group 4 : treated orally with the extract Trichilia 
prieureana(200 mg/kg body weight /day, p.o.)

- Group 5 : treated orally with the extract Trichilia 
prieureana(400 mg/kg body weight /day, p.o.) 

- Group 6 : treated with oral glucose solution (2g/kg body 
weight), 60 min after the extracts.

Blood glucose was measured at 0 min (before extract gavage), 
60 min (before glucose gavage), 90,120,150, and 180 min. 

In each group, blood glucose was measured on a drop of blood 
taken from the tail end of the animals using the glucometer.

Long-term study

The groups received HFD for 8 weeks until they became 
obese and insulin resistant. Rats with a blood glucose level of 
300 mg /dl or higher are considered diabetic and are used in the 
experiments.

Then, the rats were randomly divided into 7 groups (n = 6/
group) :

– One group received Standard (St) diet 

– One group received a high-fat diet (HFD) throughout the 
8-week study (DIO-control group). 

- One group diabetic rats treated with Annona senegalensis 
(200 mg/kg body weight /day, p.o.)

- One group diabetic rats treated with Annona senegalensis 
(400 mg/kg body weight /day, p.o.)

- One group diabetic rats treated with Trichilia prieureana 
(200 mg/kg body weight /day, p.o.)

- One group diabetic rats treated with Trichilia prieureana 
(400 mg/kg body weight /day, p.o.)

- One group diabetic rats treated with glibenclamide (standard 
drug) were dissolved in10 ml normal saline (0.9% NaCl). 

In each group the fasting blood glucose of the rats, was 
measured on a drop of blood taken from the tail end on day 1 and 
day 7, the weight of the rats.

Determination of superoxide dismutase and glutathione 
reductase levels

Plasma superoxide dismutase and gluta¬thione reductase 
levels were measured spectrophotometrically using commercial 
ELISA kits (superoxide dismutase assay kit, cat. No. 706002 
; glutathione reductase assay kit ; cat. No. 703202 ; Cayman 
Chemical Company) according to the manufacturer’s protocol, 
and the results are expressed as U/L.

Biochemical assays

On the last day of study, a complete blood sample was 
collected from the abdominal aorta after deep anesthesia and 
the plasma was isolated by centrifugation at 2500 rpm for 5 
min at 4oC. Plasma insulin (Linco ; St-Charles, MO) adiponectin 
and leptin (Millipore ; St- Charles, MO) were determined using 
radioimmunoassay kits according to manufacturer specifications. 
Circulating lipids (triglycerides, total cholesterol, LDL) as well 
as liver and kidney functional parameters (ALT, AST, creatinine, 
alkaline phosphatase) were assessed by standard Clinical 
Bio Chemistry protocols at Sainte-Justine’s Children Hospital 
(Montreal, Quebec). The blood glucose levels were determined 
by the glucose oxidase method. The levels of serum cytokines, 
including tumour necrosis factor α (TNF α ; cat. No. EZRTNFA ; 
Sigma Aldrich ; Merck KGaA), interleukin 6 (IL 6 ; cat. No. EZRIL6 
; Sigma Aldrich ; Merck KGaA), leptin (cat. No. EZRL 83K ; EMD 
Millipore) and insulin (cat. No. EZRMI 13K) were quantified using 
ELISA kits

Mechanistic studies

Immunoblot analysis At the end of the treatment study, the 
rats were anaesthetized (intraperitoneal sodium pentobarbital, 
45 mg/kg), sacrificed by exsanguination, and organssuch as 
the liver, skeletal muscle,epididymal, perirenal and mesenteric 
adipose tissues were removed immediately, weighed and stored 
at  80˚C until analysis.

Frozen tissue (muscle, liver and adipose tissue) samples were 
homogenized in RIPA lysis buffer (50 mM Hepes, 150 mM NaCl, 
5 mM EGTA, 2 mM MgCl2, 5% glycerol, 1% Triton-X 100, 0.1% 
SDS, pH 7.4) containing protease and phosphatase inhibitors 
(2 mM PMSF, 10 mM NaF, 100 μM Na-orthovanadate, 1mM Na-
pyrophosphate). To determine Glut4 protein levels, muscles were 
lysed in sucrose buffer instead (Tris buffer pH 7.4, 20 mM Tris-
HCl, 255 mM sucrose, 1 mM EDTA) containing the same cocktail 
of protease and phosphatase inhibitors. After homogenization, 
samples were centrifuged at 12000 g for 12 min at 4oC and 
supernatant was then removed and stored at -80oC until analysis. 
Total protein content of each sample was quantified using the 
Bradford method (31). Equal amounts of protein (50 μg) were 
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subjected to electrophosphoresis on 10% SDS-polyacrylamide 
gels and transferred to nitrocellulose membrane (Millipore, 
Bedford, MA). Membranes were first blocked for 2 hours at room 
temperature in 5% nonfat dry milk in TBST (20 mM Tris; pH 7.6, 
137 mM NaCl, 0.1% Tween-20), then incubated with primary 
antibodies overnight at 4°C. The membranes were washed 
three times with TBST and then incubated with the secondary 
antibody for 1 hour at room temperature. The signal was 
revealed by ECL Plus Western blotting detection system (Perkin 
Elmer, Woodbridge, Canada). Membranes were probed with the 
following antibodies ; ß-actin (1 :1000 dilutions, 5% BSA, Cell 
Signaling Technology, Danvers, MA) ; GLUT 4 (1 :1000 dilutions, 
5% milk, Cell Signaling Technology, Danvers, MA) ; PPARγ, 
SREBP-1, Santa Cruz Biotechnology, inc. Santa Cruz, CA). The anti-
rabbit IgG HRP-conjugated secondary antibodies were used at 1 
:4000 dilutions in 5% milk in TBST (Cell Signaling Technology)

Statistical analysis

All data are presented as the mean ± the standard error of the 
mean. The data were analysed using GraphPad Prism Version 6.0 
(GraphPad Software, Inc.) and compared using a one way ANOVA 
with a Tukey’s multiple comparison test. P<0.05 was considered 
to indicate a statisti¬cally significant difference.

Results   
Quantification of some bioactive molecules

The quantitative analyses of total phenols, tannins and 
flavonoids are determined from the equations of the linear 
regression of each calibration curve expressed successively in 
mg equivalent of gallic acid and mg equivalent of catechin per g 
of dry matter. (Table 1)summarizes the results obtained for total 
phenols, flavonoids and condensed tannins in the ethanolic crude 
extracts of Trichilia prieureana and Annona senegalensis.

In-Vitro Biological Activity

Radical Scavenging Activity by 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) Assay

In vitro antioxidant tests using free radical traps are relatively 
straightforward to perform. Ammon free radical scavenging 
methods, the one involving 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) is rapid, simple, highly reproducible and inexpensive in 
comparison to other test models. The scavenging of the stable 
DPPH radical is widely used to evaluate the antioxidant activity 
of phenolic compounds extracted from fruits, vegetables, cereal 
grains, wine, etc. [44]. 

Antioxidant on interaction with DPPH, transfer electron or 
hydrogen atom to DPPH and thus neutralizing its free radical 
character and convert it to 1 - 1 diphenyl- 2 - picryl hydrazine 
and the degree of discoloration indicates the scavenging activity 
of the drug [45]. The reduction of DPPH radical by antioxidants is 
evaluated by the decrease in absorbance at 517 nm. The decrease 
in absorbance of DPPH radical caused by antioxidants is due to 
the reaction between antioxidant molecules and radical progress 

Table 1 :Total phenolic compound, flavonoids and tannins 
content Annona senegalensis and Trichilia prieureana extracts

Ethanolic extract 
Total Phenolic 
compound(a)

Flavonoids(b)
Condensed 
tannins(c)

Annona 
senegalensis

35.0388±0.07 31.90±2.66 15.21±0.34

Trichilia prieureana 19.0388±0.36 20.5082±0.66 10.72±0.22

Figure 1: DPPH radical scavenging activity of ethanol extracts of An-
nona senegalensis, Trichilia prieureanaand standard (ascorbic acid).

which results in the scavenging of the radical by hydrogen 
donation [46]. It is visually noticeable as a changé in colour from 
purple to yellow. Hence, DPPH is usually used as à substance to 
evaluate the antioxidant potential of medicinal plants [47]. In this 
study, the DPPH radical scavenging activities of extracts therefore 
increased gradually in a dose concentration dependent manner 
(0.0020-1.000 mg/ml). Results were expressed as IC50 (Figure 
1)and all extracts showed a fair DPPH scavenging activity, lower 
than ascorbic acid (used as standard) with an IC50 of 0.0098 ± 0. 
04 mg/mL. The most active was extracts of Annona senegalensis 
(IC50 = 0.0197± 0.10 mg/mL) and Trichilia prieureana (IC50 = 
0.1192± 0.44 mg/mL) showed the lowest activity.

Reducing Power by Ferric Reducing Antioxidant Power 
(FRAP) Test

Generally, phenolic compounds are responsible for biological 
activities as antioxidant capacity and inhibition of enzymes 
involved in common diseases. Antioxidant activity should not be 
based on a single antioxidant test model and in practice several 
in vitro test procedures are carried out for evaluating antioxidant 
activities with the samples of interest [48]. The ferric reducing 
antioxidant power (FRAP) method is based on the reduction of 
the Fe3+ complex of tripyridyltriazine (Fe (TPTZ)3+) to the intensely 
blue colored Fe2+ complex (Fe (TPTZ)2+) by antioxidants. The 
method is simple and rapid; it was originally applied to plasma 
but has been extended to other biological fluids, foods, plant 
extracts, juices, etc. Results (Figure 2)ranged from 548.65 ± 0.65 
to 1086.33 ±3.6 µmol AAE g-1of dried extract. Extracts of Annona 
senegalensis showed the highest reducing power, 1086.33 ± 1.7 
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Figure 2: Antioxydant activity of ethanol extracts of Annona senegalen-
sis, Trichilia prieureana obtained using the FRAP method. Each value 
represents a mean ± SE (n = 6).

µmol AAE g-1of dried extract. Extracts of Trichilia prieureana 
(548.65 ± 0.65µmol AAE g-1of dried extract) exhibited the lowest 
value. 

Effect of Annona senegalensis and Trichilia prieureana 
on pancreatic lipase inhibition assay. 

The percentage of  inhibitory  activity  on pancreatic 
lipase using  Annona senegalensis and Trichilia prieureana 
concentra¬tion as shown in (Figure 3). These clearly showed 
that ethanol extracts from Annona senegalensis and Trichilia 
prieureanahave the inhibitory activities of the pancreatic lipase 
enzyme in a dose dependent manner. The ethanol extract 
of Annona senegalensis showeda better inhibitory activity 
(85±0.57%) of on the pancreatic lipaseat a concentration of 1 
mg/ml.  

Figure 3: Pancreatic lipase inhibitory activity of Annona senegalensis 
and Trichilia prieureana extracts one group received standard diet, one 
DIO group were fed with high fat diet. Each value represents the mean 
± SEM (n=6). Orlistat a known inhibitor of pancreatic lipase.Ethanol 
extract of Annona senegalensis (A-Eet, 0.5mg/ml and 1mg/ml). Ethanol 
extract of Trichilia prieureana (T-Eet, 0.5mg/ml and 1mg/ml).

Antidiabetic effect of ethanolic extracts of Annona 
senegalensis and Trichilia prieureana in normal rats

Short term effect 

The effect of ethanolic extracts of Annona senegalensis and 
Trichilia prieureana at different doses (200, 400 mg/kg b.w) 
administered orally, in normal fasting rats is shown in (Figure 
4). Statistically significant hyperglycemia was detected in rats 
30 min after gavage of ethanolic extracts of Annona senegalensis 
and Trichilia prieureana and NaCl (p< 0.05). This hyperglycemia 
attempts to decrease and return to its initial basal level in the cing 
lots. This decrease becomes statistically significant from 120 min 
(p< 0.05), and persists with the same significance until 180 min.  

Oral Glucose Tolerance Test (OGTT)

The effect of ethanolic extracts of Annona senegalensis 
and Trichilia prieureana and NaCl, on the blood glucose levels 
of normal rats subjected to an oral glucose tolerance test, is 
shown in (Figure 5). After oral glucose loading, statistically 
significant hyperglycemia was observed at 30 min in rats treated 
with ethanolic extracts of Annona senegalensis and Trichilia 
prieureana (p < 0.05) and also in rats treated with NaCl (p < 
0.05). In contrast, this peak was not detected in rats treated with 
ethanolic extract of Annona senegalensis which in turn showed 
a statistically significant decrease in blood glucose at 30 min 
(p < 0.05). This experiment carried out on ethanolic extracts, 
shows that ethanolic extracts administered orally to normal rats, 

Figure 4: Blood glucose changes in normal rats treated with ethano-
lic extracts of Annona senegalensis and Trichilia prieureana at different 
doses. Mean ± SEM, n=6. **: p<0.05.

attempts to decrease fasting blood glucose and perfectly opposes 
the expected hyperglycemia following oral glucose gavage.

Long-term antidiabetic effect of ethanolic extracts of 
Annona senegalensis and Trichilia prieureana in normal and 
diabetic rats

 Effects of the Annona senegalensis and Trichilia 
prieureanaon body weight,Liver weight and adipose tissue 
weight and glycemia
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Figure 5: Blood glucose changes in normal rats treated with ethanolic 
extracts of Annona senegalensis and Trichilia prieureana, NaCl and sub-
jected to an oral glucose tolerance test. (Moyenne ±ESM, n=6. **: p< 0.05

To induce obesity and a pre-diabetic state, DIO group were 
fed with high fat diet for a period of 16 woks. This resulted in a 
significant weight gain as compared to standard Standard (St) fed 
group (Figure 6). (Figure 7-9)

In parallel, a state of insulin resistance was established as 
evidenced by mild hyperglycemia and major hyperinsulinemia 
in DIO animals (7-fold increases, respectively, vs Standard (St) ; 
p<0.05; (Figure 10). Annona senegalensis and Trichilia prieureana 
Annona treatment also had a major impact on insulin serum 
levels, reducing them when compared to DIO-control levels.

Figure 6: Body weight  of Wistar rats fed either with standard (St) or 
high-fat (HF) diet along the 16 weeks of the study. Data are presented as 
mean ± SEM (n=6 rats per group). 

Figure 7: Liverweight of Wistar rats fed either with standard (St) or 
high-fat (HF) diet along the 16 weeks of the study. Data are presented as 
mean ± SEM (n=6 rats per group). NS=insignificant differences.

Figure 8: Adipose tissue weight of Wistar rats fed either with standard 
(St) or high-fat (HF) diet along the 16 weeks of the study. Data are pre-
sented as mean ± SEM (n=6 rats per group). 

Figure 9: Blood glucose level one group received standard diet, one DIO 
group were fed with high fat diet treated with ethanol extracts of Anno-
na senegalensis and Trichilia prieureana. Data are shown as mean ± S.D; 
(n = 6), significant differences at (p<0.05). NS=insignificant differences.
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Figure 10: Serum insulin levels one group received standard diet, one 
DIO group were fed with high fat diet treated with ethanol extract of 
Annona senegalensis and Trichilia prieureana. Data are shown as mean 
± S.D; (n = 6), significant differences at (p<0.05). NS=insignificant dif-
ferences. 

Effect of Annona senegalensis and Trichilia prieureana 
on serumleptin and adiponectinlevels of DIO rat

This also held true for serum leptin and adiponectin 
concentrations, as well as their ratio.Finally, circulating Leptin/
Adiponectin ratio, also indicative of insulin resistance. 

Adiponectin and leptin plasma levels (Figure 11) were higher 
when animals were fed with HF diet (P < 0.05). Blood tests showed 
a slight, non-significant decrease in leptin in rats treated with 
ethalolic extracts of Annona senegalensis and Trichilia prieureana.

Effects of  the Annona senegalensis and Trichilia 
prieureanaon the serum lipid profiles

Blood lipid profile reflected the high fat intake since LDL, TG 
as well as total cholesterol were doubled in DIO animals when 
compared to Standard (St) congeners (Figure 12). 

Lipid profile (TG, LDL and total cholesterol) was modified by 
the administration of the plants extracts.  Figure 12 demonstrate 
the effect of Annona senegalensis and Trichilia prieureana extracts 
in lipid profile in diabetics and normal wistar rats at the end of 
experiment. Total cholesterol (TC), Triglycerides (TG), low density 
lipoproteins (LDH) were found at high concentrations in DIO 
animals. In diabetic groups treated with Annona senegalensis and 
Trichilia prieureana extracts, all lipid profiles were outstandingly 
decreased in comparing with diabetics group. Statistically, there 
were significant differences at (p<0.05) in all the results of 
lipid markers between the rat groups of experiment.  This was 
associated hepatic accumulation of triglycerides (30.8 ± 2.5 for 
DIO vs 8.60 ± 0.97 for Standard (St) mg/g Liver ; p<0.05). 

Effect of Annona senegalensis and Trichilia prieureana 
on inflammatory cytokines  

There were no significant différences in the serum levels of 

Figure 11: Serum Leptin and Adiponectin levels one group received 
standard diet, one DIO group were fed with high fat diet treated with 
ethanol extract of Annona senegalensis and Trichilia prieureana. Data 
are shown as mean ± S.D; (n = 6), significant differences at (p<0.05).

Figure 12: Anti-hyperlipidemic activities of Annona senegalensis and 
Trichilia prieureana extracts one group received standard diet, one DIO 
group were fed with high fat diet. Each value represents the mean ± SEM 
(n=6).

TNF α amongst the standard (st) and treated groups. The serum 
levels of IL 6 in the DIO group were significantly increased 
compared with the standard (st) group, and the levels in the 
treated groups groups were significantly reduced compared with 
the DIO group (Figure 13).  

Effect of Annona senegalensis and Trichilia prieureana 
on serum antioxidant status 

SOD activity was significantly reduced in the DIO group 
compared with the standard diet group, and was significantly 
increased in the HF diet treated with 200mg/kg body weight of 
Annona senegalensis group when compared with the DIO group.  
In the HF diet treated with Annona senegalensis and Trichilia 
prieureana group, SOD activity was significantly increased 
compared with both the standard diet and DIO groups (Figure 14 
A), while the activity of GR showed no difference in any of the 
groups (Figure 14 B).
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Figure 13: Serum TNF α and Serum IL 6 levels one group received stan-
dard diet, one DIO group were fed with high fat diet treated with ethanol 
extract of Annona senegalensis and Trichilia prieureana. Data are shown 
as mean ± S.D; (n = 6).

Figure 14: Effect of Annona senegalensis and Trichilia prieureana ad-
ministration on serum antioxidant status in HF diet induced obese rats. 
Superoxide dismutase (A) and glutathione reductase (B). Data are ex-
pressed as the mean ± the standard error of the mean (n=6). P<0.05 vs. 
St, Standard ; DIO, high fat and obesity and a pre-diabetic state ; C1, HF 
diet treated with 200 mg/kg body weight of Annona senegalensis ; C2, 
HF diet treated with 400mg/kg Annona senegalensis ; C3, HF diet treated 
with 200 mg/kg body weight of Trichilia prieureana ; C4, HF diet treated 
with 400 mg/kg body weight of Trichilia prieureana. NS=insignificant 
differences. SOD, superoxide dismutase ; GR, glutathione reductase.

Liver and renal Function Tests  

Liver (ALT, AST) and renal (créatinines and alkaline 
phosphatase) functional parameters were significantly altered 
in the DIO, high fat group. Treatment with ethanol extracts of 
Annona senegalensis and Trichilia prieureana or glibenclamide 
significantly (p<0.05) lowered these enzyme activities in 
standard drug treated group, 200 and 400 mg/kg body weight of 
ethanol extracts of Annona senegalensis and Trichilia prieureana 
compared to standard group (Figure 15).  

To begin elucidating the mechanisms of action of Annona 
senegalensis and Trichilia prieureana. responsible for the 
observed systemic metabolic effects in the DIO rat model, we 
analyzed the signaling pathways involved in glucose uptake in the 
muscle, lipid metabolism in the liver. 

Figure 15: Liver and renal enzymes levels one group received standard 
diet, one DIO group were fed with high fat diet treated with ethanol ex-
tracts of Annona senegalensis and Trichilia prieureana. Data are shown 
as mean ± S.D; (n = 6).

Annona senegalensis and Trichilia prieureana enhances 
glucose transporter Glut4 expression in the muscle 

Densitometry analysis of GLUT 4protein expression levels 
show that Annona senegalensis and Trichilia prieureana treatment 
increases muscle Glut 4 protein levels when compared with DIO 
control rat. The effect is more pronounced withHF diet treated 
with 400mg/kg Annona senegalensis (0.60 ± 0.2 vs 0.20 ± 0.10 
arbitrary units [a.u.] for DIO control rat ; p<0.05; (Figure 16 A). 
Similarly, muscle Glut4 protein levels increased in treated group, 
200 and 400 mg/kg of ethanol extracts of Annona senegalensis 
and Trichilia prieureana. The HF diet treated with 400mg/kg 
Annona senegalensis is more pronounced in protein expression 
levels of GLUT 4(Figure 16 B). 

Annona senegalensis and Trichilia prieureana enhances 
PPARα and SREBP-1 expression in the liver

PPARα and SREBP-1 were also probed since they represent 
two important regulators of the genes involved in hepatic lipid 
metabolism [49, 50] and de novo lipogenesis [51], respective. 
Densitometry analysis of liver PPARα content was significantly 
increased in DIO control animals as compared to Standard fed rat 
(0.40 ± 0.52 vs 0.19 ± 0.60 a.u., repsectively ; p<0.05; (Figure 17 
A), suggesting compensatory mechanisms in the face of enhanced 
fatty acid intake. Hepatic PPARα protein content in plants 
extracts treated rat remained significantly higher than those of 
the Standard group (p<0.05 ; (Figure 17 B). 

In the case of SREBP-1, Densitometry analysis of the levels 
of the 68 KDa active fragments tended to increase in DIO 
control animals, statistical significance (p<0.05; (Figure 18 
A). Interestingly, Annona senegalensis and Trichilia prieureana 
significantly decreased SREBP-1 expressionas compared to the 
DIO-control group (p<0.05; (Figure 18 B). 

Effect of Annona senegalensis and Trichilia prieureana 
on PPARγ expression in the epididymal adipose tissue.  

PPARγ is one of the key regulators of lipid metabolism [52], 
and thus was measured in the epididymal adipose tissue using 
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Figure 16: Effect of Annona senegalensis and Trichilia prieureana administration on GLUT 4 expression in skeletal muscle in HF diet induced obese 
rats. (A) Densitometry analysis of GLUT 4protein expression levels. (B) Protein expression levels of GLUT 4. Beta actin was used as the loading con-
trol. Data are expressed as the mean ± the standard error of the mean (n=6). P<0.05 vs. St, Standard ; DIO, high fat and obesity and a pre-diabetic state 
; C1, HF diet treated with 200mg/kg body weight of Annona senegalensis ; C2, HF diet treated with 400mg/kg body weight of Annona senegalensis ; 
C3, HF diet treated with 200mg/kg body weight of Trichilia prieureana ; C4, HF diet treated with 400mg/kg body weight of Trichilia prieureana. NS 
= insignificant differences.

Figure 17: Effect of Annona senegalensis and Trichilia prieureana administration on PPARα expression in the liver in HF diet induced obese rats. (A) 
Densitometry analysis of PPARα protein expression levels. (B) Protein expression levels of PPARα. Beta actin was used as the loading control. Data are 
expressed as the mean ± the standard error of the mean (n=6). P<0.05 vs. St, Standard ; DIO, high fat and obesity and a pre-diabetic state ; C1, HF diet 
treated with 200mg/kg body weight of Annona senegalensis ; C2, HF diet treated with 400mg/kg body weight of Annona senegalensis ; C3, HF diet 
treated with 200mg/kg body weight of Trichilia prieureana ; C4, HF diet treated with 400mg/kg body weight of Trichilia prieureana. NS = insignificant 
differences.

western blotting. The protein expression levels of PPARγ in the DIO group was significantly increased compared with the standard 
group, however, supplementation of Annona senegalensis (200 mg/kg body weight and 400 mg/kg body weight) and Trichilia prieureana 
(200 mg/kg body weight and 400 mg/kg body weight) significantly decreased PPARγ expression to levels close to that observed in the 
standard group (Figure 19). 
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Figure 18: Effect of Annona senegalensis and Trichilia prieureana administration on SREBP-1 expression in the liver in HF diet induced obese rats. (A) 
Densitometry analysis of SREBP-1 protein expression levels. (B) Protein expression levels of SREBP-1. Beta actin was used as the   loading control. Data 
are expressed as the mean ± the standard error of the mean (n=6). P<0.05 vs. St, Standard ; DIO, high fat and obesity and a pre-diabetic state ; C1, HF 
diet treated with 200mg/kg Annona senegalensis ; C2, HF diet treated with 400mg/kg Annona senegalensis ; C3, HF diet treated with 200mg/kg body 
weight of Trichilia prieureana ; C4, HF diet treated with 400mg/kg body weight of Trichilia prieureana. NS = insignificant differences.

Figure 19: Effect of Annona senegalensis and Trichilia prieureana administration on PPARγ expression in the liver in HF diet induced obese rats. (A) 
Densitometry analysis of PPARγ protein expression levels. (B) Protein expression levels of PPARγ. Beta actin was used as the   loading control. Data 
are expressed as the mean ± the standard error of the mean (n=6). P<0.05 vs. St, Standard ; DIO, high fat and obesity and a pre-diabetic state ; C1, HF 
diet treated with 200mg/kgbody weight of Annona senegalensis ; C2, HF diet treated with 400mg/kg Annona senegalensis ; C3, HF diet treated with 
200mg/kg body weight of Trichilia prieureana ; C4, HF diet treated with 400mg/kg body weight of Trichilia prieureana. NS = insignificant differences.

Discussion  
The average value of extractive of ethanolic extract of 

Trichilia prieureana and Annona senegalensis was found to be 
7.51% and respectively 5.16%.From these results, the level 
of detection of these components depended on the method of 
preparation of the sample, solvent used and the temperature. 
The components detected have been shown to exhibit various 
therapeutic properties such as the astringent action of tannins, 
anti-inflammatory and anti-allergic effect of flavonoids. Some 
carbohydrate, flavoniods, steroids and alkaloids have been shown 
to exhibit anti-diabetic action [53-55].

The detection of most of these plant constituents in Trichilia 
prieureana and Annona senegalensis have suggested the 
possibility of using the plant in the treatment and management 
of many aliments including non-insulin dependent diabetes 
mellitus [56- 57]. 

The main goal of this study is to determine the free radical 
scavenging properties screened for in vitro plant extraction 
of Trichilia prieureana and Annona senegalensis. Free radical 
scavenging activity was evaluated using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) method. The result of the present study 
showed that the ethanol extract of Annona senegalensis, contains 
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highest amount of phenolic compounds. Phenolic compounds 
are known as high-level antioxidants because of their ability to 
scavenge free radicals and active oxygen species, such as singlet 
oxygen, superoxide free radicals and hydroxyl radicals [58]. 
The radical-scavenging activity is attributed to replacement of 
hydroxyl groups in the aromatic ring systems of the phenolic 
compounds as a result of their hydrogen donating ability 
[59]. These compounds were previously served as free radical 
scavengers [60]. 

The possible mechanism of the extract may in part be 
attributed to its antioxidant activities. Annona senegalensis, 
Trichilia prieureana have been reported to be rich in phenolic 
compounds and these compounds were previously served as 
free radical scavengers [60]. Hyperglycemia generates reactive 
oxygen species (ROS), which in turn cause lipid peroxidation and 
membrane damage [61].

Medicinal plants used in folk medicine are particularly 
interesting for investigation of their antioxidant effects. Some 
authors reported that the therapeutic benefit of medicinal plants 
is usually attributed to their antioxidant properties and oxidative 
stress is a prominent feature of these diseases [62].

Several methods were used to determine the antioxidant 
activity of plants. Thus, our study involved two different methods 
to assess the antioxidant activity of DPPH scavenging activity and 
ferric reducing/antioxidant power (FRAP) analysis. Among the 
most widely used procedures for measurement of antioxidant 
activity capacity, the DPPH radical scavenging analysis is one of 
the best known, accurate, and frequently employed to measure 
the electron donating ability of the plant [63-64]. DPPH is a stable 
radical commonly used to determine the antioxidant activity of 
various compound. It is a stable free radical because of its spare 
electron delocalization over the whole molecule. This method is 
based on the reduction of DPPH in the presence of a hydrogen-
donating antioxidant, inducing a color change from purple 
to yellow at 517 nm. The degree of reduction in absorbance 
measurement indicates the radical scavenging (antioxidant) 
power of the extract. In the current study, the results revealed 
that at the same concentration, the inhibitory percentage of 
DPPH radical was not the same. The ethanol extracts of Annona 
senegalensis and Trichilia prieureana exhibited a significant 
dose dependent inhibition of DPPH. Ethalolic extracts of Annona 
senegalensis gave the highest percentage inhibition followed by 
ethanolic of Trichilia prieureana extracts. These results show that 
there is a coorélation between antioxidant activities of extract and 
plant materials. The solubility of the antioxidant compounds was 
found to have a significant effect on the recovery of compounds 
during extraction. Thus, the polarity of solvents has an indirect 
function in the extraction process, because it can raise the 
solubility of antioxidant compounds [65]. All extracts showed 
different percentages of inhibition of the DPPH scavenging activity 
on the concentration-dependent approach. Several studies have 
shown that the scavenging effects on the DPPH radical increases 
sharply with the increasing concentration of the samples and 

standards to a certain extent [66–67] and hence are said to be 
strongly dependent on the extract concentration. 

Reducing power of Fe3+ to Fe2+ is another test to measure the 
antioxidant potential of the plant extract. The reducing capacity 
is a significant reflection of the antioxidant activity in assessing 
potential antioxidants [68]. The reducing power of extracts 
decreased in the order of ethanol extrat of Annona senegalensis 
>ethanol extrat of Trichilia prieureana. In FRAP assay, the presence 
of antioxidants in the samples would result in reducing Fe3+ to 
Fe2+ by donating an electron which cause subsequent changing 
of reaction solution from yellow to green color. The degree of 
color change is proportional to the power and to concentration 
of antioxidant in sample. Thus, the Fe2+ can be monitores by 
measurement of the formation of Perl’s Prussian blue at 700 nm. It 
is suggested that there is a direct correlation between antioxidant 
activity and reducing power of components of some plants [68]. 
The results obtained in this study indicate that, ethanol extracts of 
Annona senegalensis and Trichilia prieureana have a remarkable 
potency to donate electron to reactive free radicals, converting 
them into more stable non-reactive species, reduce the oxidized 
intermediates and act as primary antioxidant substances. 
From the results presented above, it is evident that the extracts 
contained phenolic compounds at different levels in the following 
order: DPPH radical scavenging activity of ethanol extracts of 
Annona senegalensis>Trichilia prieureana. It has been reported 
that the solvent such as ethanol, was used for the extraction of 
phenolic compounds from plant materials [69]. Among the two 
samples, extract with ethanol extracts of Annona senegalensis 
showed the highest value of total phenolic compounds, flavonoids 
and condensed tannins content. In addition, the extracts with 
ethanol extracts of Annona senegalensis also showed strong 
radical scavenging activities. The phenolic compounds present in 
these extracts could justify their marked antioxidant activities. It 
is reported that phenolics compounds and flavonoids are natural 
products which have been shown to possess various biological 
properties related to antioxidant mechanisms [70]. Polyphenols 
have the function to scavenge the free radicals in human body 
and to help maintain healthy body by scavenging or removing 
the reactive oxygen species (ROS) [71]. The strong inhibition 
of DPPH radical displayed by the extracts could be linked to 
polyphenolic compounds which are capable of donating electrons 
or transferring hydrogen atom to neutralize free radicals. Thus, 
it could be a promising therapeutic agent to treat stress induced 
by pathological conditions. The antioxidant activities of Annona 
senegalensis and Trichilia prieureana extracts may also be 
related to their total flavonoid content.  Several studies have 
reported the biological activity of flavonoids [72–73]. But the 
best-described property of almost every group of  flavonoids is 
their capacity to act as antioxidants.  As antioxidants, flavonoids 
have been reported to be able to interfere with the biochemical 
pathways involved in the generation of reactive oxygen species 
(ROS), quenching free radicals, chelating transition metals and 
rendering them redox inactive in the Fenton reaction [74–75]. 
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The relationship between the polyphenolics compounds and 
the antioxidant activities of the extracts were complex. Several 
reasons could be provided for this observation :-extraction solvent 
resulted in the differences of the extracts in their compositions, 
and consequently their antioxidant activities [76- 77] ;

-the antioxidant methods used were based on different 
mechanisms and conditions. Mechanism of DPPH that was 
electron transfer method and FRAP was redox essays.

So they may present differing results, each only partially 
reflecting the antioxidant activity [78–79] ;

- the Folin Ciocalteu Reagent method to measure 
the polyphenolics content could be disrupted by other 
soluble components in extracts such as proteins, peptides, 
polysaccharides, and pigments. It has been also shown that these 
compounds may be responsible for the antioxidant activity partly 
[80]. 

Chronic consumption of a HF diet has been shown to increase 
the prevalence of obesity [81]. The largest compo-nent of dietary 
fats are TGs, and these are hydrolysed to free fatty acids and 
monoglycerides by pancreatic lipase, a key enzyme involved in 
the digestion of fat [82]. Free fatty acids from triglycerides are 
transported to the blood system and delivered to the adipose tissue 
and liver, leading to lipid accumulation and the development of 
obesity. Inhibition of pancreatic lipase reduces digestion and the 
absorption of fat [82-83]. Therefore, it is one of the most common 
treat¬ments for obesity. In the present study, the results showed 
that Annona senegalensis and Trichilia prieureana inhibited 
pancreatic lipase activity in the in vitro study. Ethalolic extracts 
of Annona senegalensis gave the highest percentage inhibition 
followed by ethanolic of Trichilia prieureana extracts. This effect 
is beneficial in inhibiting or delaying the digestion of lipids and, 
consequently, the absorption of fatty acid [83]. 

The anti-diabetic activity of Annona senegalensis and 
Trichilia prieureana was evaluated in vivo in normal and diabetic 
Wistar rats in the DIO rat model, which was made obese and 
insulin resistant by a daily high fat diet. This mouse model 
represents a valuable tool to study and validate new therapeutic 
avenues for the treatment of obesity and diabetes, Annona 
senegalensis and Trichilia prieureana ethanolic extracts were 
tested at different concentrations, and three procedures were 
followed. The first procedure consists in testing the effect of the 
plant on the fasting blood sugar level of normal rats. After a 16 
hour fast, the animal is in a post-absorptive state, any extract 
or molecule likely to decrease the glycemia in these conditions, 
must act by inhibiting the hepatic and renal production of glucose 
either directly, or indirectly by the release of insulin [84]. The 
second procedure tests the effect of the plant on hyperglycemia 
induced in normal rats, following an oral glucose load ; thus 
any extract or molecule capable of decreasing hyperglycemia, 
can intervene by inhibiting the intestinal absorption of glucose, 
by promoting the use of glucose by muscle and adipose tissue, 
or by stimulating the secretion of insulin by the pancreas [84]. 

While the third procedure, tests the effect of the plant following a 
daily administration of the extracts, to normal rats and rats made 
diabetic by diabetic Wistar rats in the DIO rat model. 

In diabetic rats, the important absence of insulin, creates a 
permanent hyperglycemia, in this case any antidiabetic molecule, 
must mimic the effect of insulin, acting by increasing the 
absorption of glucose at the level of muscle and adipose tissue, 
and by inhibiting the hepatic production of glucose and the 
release of free fatty acids [84].

Testing of the anti-diabetic activity of Annona senegalensis 
and Trichilia prieureana, in normal fasting rats, ethanolic 
extracts, at doses of 200 and 400 mg/kg b.w., showed significant 
hyerglycemia. In fact, there are non-carbohydrate molecules 
capable of increasing blood sugar levels [85]. On the other hand, 
another cause of hyperglycemia observed in rats may be the 
stress induced during their handling. Experiments carried out of 
animals exposed to external stress have shown the appearance 
of hyperglycemia. The origin of the latter has been attributed in 
cats to an increase in the level of lactate, which in turn activates 
neoglucogenesis [86], and in rats to an increase in corticosterone 
levels [87].

On the other hand, after glucose loading, the hyperglycemia 
observed in normal control rats and rats previously treated 
with ethanolic extracts of Annona senegalensis and Trichilia 
prieureana, was conversely significantly attenuated in rats 
treated with ethanolic extracts of Annona senegalensis and 
Trichilia prieureana at different doses of 200 and 400 mg/kg 
b.w. These data allowed us to suggest that the ethanolic extracts 
of Annona senegalensis and Trichilia prieureana are mainly 
characterized by an antihyperglycemic activity. It should be noted 
that the ethanolic extract of Annona senegalensis differs from 
the ethanolic extract of Trichilia prieureana by the presence of 
very important quantity of total phenolic, flavonoids compound 
and the absence of saponins in the ethanolic extract of Trichilia 
prieureana. On the other hand, the oral glucose tolerance test of 
ethanolic extracts of Annona senegalensis and Trichilia prieureana, 
shows the existence of several molecules responsible for the 
antihyperglycemic activity of the two plants, which may belong 
to the families of alkaloids, flavonoids and saponosides. All these 
families of secondary metabolites, are well classified, among the 
natural molecules with interesting antidiabetic power.

Moreover, these molecules have been the subject of several 
experiments carried out in vivo and in vitro and have shown very 
diverse mechanisms of action.

Regarding alkaloids, berberine isolated from Berberis 
vulgaris, showed an improvement of glucose tolerance in db/
db mice, and an increase of insulin action in rats [88]. On the 
other hand, trigonelline, which is the main alkaloid isolated from 
Trigonella foenum-graecum, has an anti-diabetic effect which is 
explained by a regeneration of β-pancreatic cells, and an increase 
in insulin secretion
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[89]. Steroidal alkaloids isolated from Veratrum nigrum, 
were studied in vitro, and showed an improvement of peripheral 
glucose transport, in skeletal muscle cells [90]. Flavonoids are 
considered potential molecules for the treatment of diabetes 
mellitus and its complications [91]. Epigallocatechin gallate, a 
flavonoid isolated from green tea, has been shown to decrease 
glucose levels in animals and several mechanisms of action 
have been proposed, such as the decrease in hepatic glucose 
production [92]. In addition, quercetin and kaempferol are two 
flavonoids, isolated from Euonymus alatus, which have shown 
an anti-diabetic effect explained by the stimulation of glucose 
transport induced by insulin at the level of mature adipocytes, 
and by their effect as agonists of PPAR [93].

Saponosides are also known for their antidiabetic activity, and 
those of triterpenoid nature are considered as very promising 
potential molecules for the development of new antidiabetic 
drugs [94]. Ginsenoside, for exemple, is a major constituent of 
Panax ginseng, and its daily administration for 12 days rendered 
ob/ob, normoglycemic mice with increased glucose tolerance 
[95]. Pentacyclic triterpenes, are considered by Wen and his 
collaborators as a class of promising molecules as hypoglycemic 
agents, the same team proposed that they act in part through 
the inhibition of glycogen phosphorylase, à key enzyme in the 
hydrolysis of glycogen [96]. Saponosides isolated from Anabasis 
articulata, have shown potential control of blood glucose levels, 
which may be the result of increased insulin secretion [97]. 

According to previous reports, Diabetes mellitus (DM) was 
presented with alterations in glucose homeostasis that contribute 
to persistent hyperglycemia and liver plays a major role in the 
regulation of glucose metabolism [98]. 

Indeed, the findings of the present study confirmed the 
previously reported obesity, hyperglycemia, insulin resistance 
and fatty liver that are normally associated with the DIO rat model. 
These are reminiscent of the pathophysiological characteristics 
of the so-called metabolic syndrome continuum that spans from 
obesity to non-insulin dependent diabetes mellitus. Treatment 
with Annona senegalensis et de Trichilia prieureana were 
administered for 8 weeks, after obesity and hyperglycemia were 
established by an initial 8 weeks of HFD feeding.

The results clearly demonstrate that these treatments 
improves glucose homeostasis in the face of continued HFD 
feeding and strongly suggest that this is achieved by an 
attenuation of insulin resistance. Indeed, Annona senegalensis 
and Trichilia prieureana treatment significantly countered 
hyperglycemia, hyperinsulinemia as well as hepaticsteatosis. 
Conversely, the elevated leptin/adiponectin ratio observed in DIO 
animals, which is also indicative of insulin resistance, Conversely, 
the elevated leptin/adiponectin ratio observed in DIO animals, 
which is also indicative of insulin resistance, was ameliorated by 
Annona senegalensis and Trichilia prieureana treatment.

Thus, the effects of Annona senegalensis and Trichilia 
prieureanaon a HF diet induced obese rats was assessed. The 

results of the present study were similar to previous studies, 
which showed that a HF diet increased body and adipose tissue 
weight, and caused obesity [81-99].Adipocytes secrete leptin, an 
essential hormone for body weight regulation. The concentration 
of leptin in the blood is a good indicator of the total amount of 
triglycerides stored in the adipose tissue. The more fat stores, 
the more leptin is secreted. Blood tests showed a slight, non-
significant decrease in leptin in rats treated with ethalolic extracts 
of Annona senegalensis and Trichilia prieureana.

Adiponectin is recognized by its insulin sensitizing action, 
however, it has been proposed that obesity may induce a 
malfunction on adiponectin signaling (adiponectin resistance).

 In addition, in the present study, it was shown that a HF 
diet was associated with hyperlipidaemia, which results in 
elevated levels of  lipids in the blood, such as triglycerides, total 
cholesterol and LDL cholesterol. Treatments using either 200mg/
kg body weight or 400mg/kg body weight of Annona senegalensis 
and Trichilia prieureana showed that it significantly decreased 
body and adipose tissue weight, whilst also reducing TG, total 
cholesterol and LDL cholesterol levels in the serum. The reduction 
of serum lipid profiles indicated that Annona senegalensis and 
Trichilia prieureanacan be reduced lipid transport to blood 
circulation, which resulted in the reduction of lipid accumulation 
in tissues. These results support the hypothesis that Annona 
senegalensis and Trichilia prieureana  may reduce the extent of 
obesity induced by à HF diet, by inhibiting intestinal absorption 
of dietary fat via the inhibition of pancreatic lipase activity.

Additionally, the results of the present study showed that 
adipose tissue weight was decreased, resulting in a reduction 
of body weight. Interestingly, Annona senegalensis and Trichilia 
prieureana efficiently have reduced both adipocyte hypertrophy 
and adipose tissue weight. Lipid accumulation in adipose tissue is 
a major cause of the production of ROS, which leads to oxidative 
stress. A previous study reported that obese mice exhibited 
increased release of H2O2from white adipose tissue whereas no 
increase was found in the muscles and the aorta [100]. Similarly, an 
increase in adipocyte tissue resulted in an increase in free radical 
levels in HF diet induced obesity.  A previous study reported that 
polyphenol rich extracts reduced the production of ROS and the 
secretion of IL 6 in adipose cells exposed to H2O2[101].

One of the characteristics of obesity is low grade chronic 
inflammation in which adipose tissue releases several 
inflammatory mediators [102]. As the adipo¬cytes enlarge, 
the blood supply to them is reduced, causing hypoxia. Adipose 
tissue is not only a lipid storage site, but also functions as à key 
endocrine organ. Therefore, during hypoxia, macrophages filter 
into the adipocytes and stimulate secretion of pro inflammatory 
cytokines and adipocytokines, such as TNF α and IL 6 [103]. The 
results showed that the HF diets resulted in a marked increase 
in serum IL 6 levels. The elevated IL 6 levels were significantly 
decreased when the diet of the rats was supplemented with 
200mg/kg body weight or 400mg/kg body weightof Annona 
senegalensis orTrichilia prieureana, compared with the 
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untreated HF diet fed rats. In addition, a previous study showed 
that antioxidants decreased pro inflammatory cytokines such as 
nitric oxide, TNF α and IL 1 in mice [104]. Therefore, antioxidants 
from Annona senegalensis andTrichilia prieureana may likely 
underlie the reduction of pro inflammatory cytokines. 

Obesity can induce systemic oxidative stress through various 
biochemical mechanisms, including reducing antioxi¬dant 
defence or increasing chronic inflammation [105]. Annona 
senegalensis and Trichilia prieureana are a good source of 
antioxidant phytochemicals, such as Total Phenoliccompound, 
Flavonoids and Condensed tannins, which serve as antioxi¬dants 
reducing oxidative stress [106- 107]. Furthermore, Annona 
senegalensis andTrichilia prieureana reduced the expression 
of PPARγ in obese rats, which resulted in decreased levels of 
pro inflammatory cytokines in the serum and increased anti 
oxidant levels. The beneficial effects of several natural products 
on reducing obesity are attributed to the presence of significant 
quantities of bioactive compounds of Annona senegalensis, which 
possess antioxidant and anti inflammatory properties [99]. 
Additionally, these bioactive compounds significantly increase 
SOD and glutathione reductase levels. In addition, an increase 
in the activât of SOD was observed when Annona senegalensis 
and Trichilia prieureana were administered. SOD is one of the 
first lines of defence in the detoxification of products resulting 
from oxidative stress [108]. An increase in SOD activity following 
supplementation of Annona senegalensis andTrichilia prieureana, 
may imply that Annona senegalensis and Trichilia prieureana can 
stimulate SOD, and this may result in counteracting the effects of 
potentially harmful substances.

Based on these findings, it was shown that Annona 
senegalensis and Trichilia prieureana reduced lipid absorption as 
well as the anti obesity, anti dyslipidaemia and anti inflammatory 
effects in obeses rats. The extracts with ethanol extracts of 
Annona senegalensis also showed strong activities. In conclusion, 
Annona senegalensis and Trichilia prieureana may be a promising 
alternative treatment and/or dietary supplement for obese 
individuals. 

Conflict of interest statement  
The authors stated that there are no conflicts of interest 

regarding the publication of this article.

References 
1. Sanchez-Moreno C. Review : Methods Used to Evaluate the 

free radical Scavenging Activity in Foods and Biological 
Systems. Food Science and Technology International. 
2002 ;8 (3) :121–137.doi :10.1106/108201302026770 

2. Marc Fr, Davin A, Deglene-Benbrahim L, Ferrand C. et al. 
Methodes d’évaluation du potentiel antioxydant dans les 
aliments. Erudit, M/S : médecine sciences 2004 ;20(4) :458–463.  

3. Huang D, Ou B, Prior RL. The Chemistry behind Antioxidant 

Capacity Assays. Journal of Agricultural and Food 
Chemistry 2005 ;53 :1841–1856.doi : 10.1021/jf030723c 

4. Rice-Evans CA, Miller NJ, Bolwell PG, Bramley PM, 
Pridham JB. The relative antioxidant activities of plant-
derived polyphenolic flavonoids. Free Radical Research 
1995 ;22 :375–383.doi : 10.3109/10715769509145649 

5. Bartosz G. Generation of Reactive Oxygen Species in Biological Systems. 
Comments on Toxicology 2003 ; 9:5–21.doi : 10.1080/08865140302420 

6. Ricardo da Silva JM, Darmon N, Fernandez Y, Mitjavila S. Oxygen free 
radical scavenger capacity in aqueous models of different procyanidins 
from grape seeds. Journal of Agricultural and Food Chemistry 1991;39: 
549–1552.

7. Benzie IF, Strain J. The ferric reducing ability of plasma (FRAP) 
as a measure of antioxidant power : The FRAP assay. Analytical 
Biochemistry 1996 ;239 :70–76.doi : 10.1006/abio.1996.0292 

8. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice- Evans 
C. Antioxidant activity applying an improved ABTS radical 
cation decolorization assay. Free Radical Biology and Medicine 
1999 ;26 :1231–1237.doi : 10.1016/S0891-5849(98)00315-3 

9. Sharma Om P, Bhat TK. DPPH antioxidant assay revisited. Food chemistry 
2009;113(4):1202-1205.doi : 10.1016/j.foodchem.2008.08.008

10. Tabart J, Kevers C, Pincemail J, Defraigne J, Dommes J. Comparative 
antioxidant capacities of phenolic compounds meausured by 
various tests. Food Chemistry 2009;113:1226–1233.doi : 10.1016/j.
foodchem.2008.08.013

11. De Gaulejac Saint-Cricq, Provost N, Vivas N. Comparative study of 
polyphenol scavenging activities assessed by different methods. 
Journal of Agricultural and Food Chemistry 1999 ;47 :425–431.doi : 
10.1021/jf980700b

12. Hua Li, Xiaoyu Wang, Peihong Li, Yong Li, Hua Wang. Comparative 
study of antioxidant activity of grape (Vitis vinifera) seed  powder 
assessed by different methods. Journal of Food and Drug Analysis 
2008; 16(6):67–73.doi : 10.38212/2224-6614.2321

13. World Health Organization (WHO): World Health Statistics. WHO, 
Geneva, 2013. 

14. Hariri N, Thibault L. High-fat  diet-induced obesity in animal models. 
Nutr Res Rev 2010;23:270–299. doi : 10.1017/S0954422410000168

15. Schrauwen P, Westerterp KR. The role of High-fat diets and physical 
activity in the regulation of body weight. Br J Nutr 2000;84:417–427.
doi : 10.1017/s0007114500001720

16. Hruby A, Hu FB. The epidemiology of obesity: A big picture. 
Pharmacoeconomics 2015;33:673–689. doi: 10.1007/s40273-014-
0243-x

17. PiSunyer X. The medical risks of obesity. Postgrad Med 2009;121:21–
33. doi: 10.3810/pgm.2009.11.2074

https://www.medecinesciences.org/en/articles/medsci/pdf/2004/04/medsci2004204p458.pdf
https://www.medecinesciences.org/en/articles/medsci/pdf/2004/04/medsci2004204p458.pdf
https://www.medecinesciences.org/en/articles/medsci/pdf/2004/04/medsci2004204p458.pdf
https://pubs.acs.org/doi/10.1021/jf030723c
https://pubs.acs.org/doi/10.1021/jf030723c
https://pubs.acs.org/doi/10.1021/jf030723c
https://pubmed.ncbi.nlm.nih.gov/7633567/
https://pubmed.ncbi.nlm.nih.gov/7633567/
https://pubmed.ncbi.nlm.nih.gov/7633567/
https://pubmed.ncbi.nlm.nih.gov/7633567/
https://www.tandfonline.com/doi/abs/10.1080/08865140302420?journalCode=gcot20
https://www.tandfonline.com/doi/abs/10.1080/08865140302420?journalCode=gcot20
https://agris.fao.org/agris-search/search.do?recordID=US9157627
https://agris.fao.org/agris-search/search.do?recordID=US9157627
https://agris.fao.org/agris-search/search.do?recordID=US9157627
https://agris.fao.org/agris-search/search.do?recordID=US9157627
https://pubmed.ncbi.nlm.nih.gov/8660627/
https://pubmed.ncbi.nlm.nih.gov/8660627/
https://pubmed.ncbi.nlm.nih.gov/8660627/
https://www.sciencedirect.com/science/article/abs/pii/S0891584998003153
https://www.sciencedirect.com/science/article/abs/pii/S0891584998003153
https://www.sciencedirect.com/science/article/abs/pii/S0891584998003153
https://www.sciencedirect.com/science/article/abs/pii/S0891584998003153
https://www.sciencedirect.com/science/article/abs/pii/S0308814608009710
https://www.sciencedirect.com/science/article/abs/pii/S0308814608009710
https://www.sciencedirect.com/science/article/abs/pii/S0308814608009771
https://www.sciencedirect.com/science/article/abs/pii/S0308814608009771
https://www.sciencedirect.com/science/article/abs/pii/S0308814608009771
https://www.sciencedirect.com/science/article/abs/pii/S0308814608009771
https://pubmed.ncbi.nlm.nih.gov/10563911/
https://pubmed.ncbi.nlm.nih.gov/10563911/
https://pubmed.ncbi.nlm.nih.gov/10563911/
https://pubmed.ncbi.nlm.nih.gov/10563911/
https://www.jfda-online.com/journal/vol16/iss6/12/
https://www.jfda-online.com/journal/vol16/iss6/12/
https://www.jfda-online.com/journal/vol16/iss6/12/
https://www.jfda-online.com/journal/vol16/iss6/12/
https://reliefweb.int/report/world/world-health-statistics-2013?gclid=EAIaIQobChMI_qmDlYa6-gIV-4dLBR2xywycEAAYASAAEgLvKfD_BwE
https://reliefweb.int/report/world/world-health-statistics-2013?gclid=EAIaIQobChMI_qmDlYa6-gIV-4dLBR2xywycEAAYASAAEgLvKfD_BwE
https://pubmed.ncbi.nlm.nih.gov/20977819/
https://pubmed.ncbi.nlm.nih.gov/20977819/


Page 17 of 19Citation: Kangbéto Bidossessi Roland, Attakpa Sèlidji Eugène, Guinnin Félix (2022) Antioxidant Properties and Antidiabetic 
effect of Annona senegalensis and Trichilia prieureana in high fat diet -induced type 2 diabetic rats : A Molecular Mechanisms. 
SOJ Pharm Sci 8(1):1-19.  DOI: 10.15226/2374-6866/8/1/001102

Antioxidant Properties and Antidiabetic effect of Annona senegalensis 
and Trichilia prieureana in high fat diet -induced type 2 diabetic rats : A 
Molecular Mechanisms

Copyright: 
© 2022 Attakpa Sèlidji Eugène et al.

18. Wallberg-Henriksson HZJ. GLUT4: a key player regulating 
glucose homeostasis? Insights from transgenic and knockout 
mice (review). Mol Membr Biol. 2001 ;18(3) :205–211. 
DOI: 10.1080/09687680110072131

19. Gibbs  EM, Stock JL, McCoid SC, Stukenbrok HA, Pessin JE, Stevenson RW. 
et al. Glycemic improvement in diabetic db/db mice by overexpression 
of the human insulinregulatable glucose transporter (GLUT4). J Clin 
Invest 1995;95(4):1512–1518. doi: 10.1172/JCI117823

20. Farmer SR. Regulation of PPARgamma activity during adipogenesis. 
Int J Obes (Lond) 2005;1:S13–6.

21. Chehade JM, Mooradian AD. A rational approach to drug 
therapy of type 2  diabetes mellitus. Drugs 2000; 60(1):95–113. 
doi: 10.2165/00003495-200060010-00006

22. Karam JHNM. Pancreatic hormones and antidiabetic drugs. The 
McGraw-Hill Companies2007.

23. Rasouli NKP. Adipocytokines and the metabolic complications of 
obesity. J Clin Endocrinol Metab 2008;93:64–73.  doi: 10.1210/
jc.2008-1613

24. Diez JJ, Iglesias P. The role of the novel adipocyte-derived hormone 
adiponectin in human disease. Eur J Endocrinol 2003;148(3):293–
400.  doi: 10.1530/eje.0.1480293

25. Ukkola OSM. Adiponectin: a link between excess adiposity 
and associated comorbidities. J Mol Med 2002;80(11):696 
–702.  DOI: 10.1007/s00109-002-0378-7

26. Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P. Recombinant 
mouse OB protein: evidence for a peripheral signal linking adiposity 
and central neural networks. Science 1995;269(5223):546–549.
doi: 10.1126/science.7624778

27. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, 
Nyce MR. et al. Serum immunoreactive-leptin concentrations in 
normal-weight and obese humans. N Engl J Med 1996;334(5):292–5. 
doi: 10.1056/NEJM199602013340503

28. Postic C, Dentin R, Girard J. Role of the liver in the control of 
carbohydrate and lipid homeostasis. Diabetes Metab 2004;30(5):398–
408. 

29. Shimano H. Sterol regulatory element-binding proteins (SREBPs): 
transcriptional regulators of lipid synthetic genes. Prog Lipid Res 
2001 40(6):439–452.  DOI: 10.1016/s0163-7827(01)00010-8

30. Tobe K, Suzuki R, Aoyama M, Yamauchi T, Kamon J, Kubota N. et al. 
Increased expression of the sterol regulatory element-binding 
protein-1 gene in insulin receptor substrate-2(-/-) mouse liver. J Biol 
Chem 2001;276(42):38337–38340.  

doi: 10.1074/jbc.C100160200
31. Marchesini G, Brizi M, Bianchi G, Tomassetti S, Bugianesi E, Lenzi M et al. 

Nonalcoholic fatty liver disease: a feature of the metabolic syndrome. 
Diabetes 2001;50(8):1844–1850.doi: 10.2337/diabetes.50.8.1844

32. Arkan MC, Hevener AL, Greten FR, Maeda S, Li ZW, Long JM. et al. IKK-
beta links inflammation to obesity-induced insulin resistance. Nat 
Med 2005;11(2):191–198.

33. Jiang T, Wang Z, Proctor G, Moskowitz S, Liebman SE, Rogers T. et 
al. Dietinduced obesity in C57BL/6J mice causes increased renal 
lipid accumulation and glomerulosclerosis via a sterol regulatory 
element-binding protein-1c-dependent pathway. J Biol Chem 

2005;280(37):32317–32325. doi: 10.1074/jbc.M500801200

34. Bray GA, Lovejoy JC, Smith SR, DeLany JP, Lefevre M, Hwang D. et al. The 
influence of different fats and fatty acids on obesity, insulin resistance 
and inflammation. J Nutr 2002;132(9):2488–2491. DOI: 10.1093/
jn/132.9.2488

35. Li HB, Cheng KW, Wong CC, Fan KW, Chen F, Jiang Y. Evaluation 
of antioxidant capacity and total phenolic content of different 
fractions of selected microalgae. Food chemistry 2007;102:771–776. 
doi.10.1016/j.foodchem.2006.06.022

36. Nadhiya K, Vijayalakshmi K. Evaluation of total phenol flavonoid 
contents and in vitro antioxidant activity of benincasa Hispida fruit 
extracts. International journal of pharmaceutical chemical and 
biological sciences 2014;4(2):332–338.

37. Broadhurst RB, Jones WT. Sci. Food Agr 1978;29:788–94. 
38. Heimler DP, Vignolini, Dini MG, Vincieri FF, Romani A. Antiradical 

activity and polyphenol composition of local Brassicaceae edible 
varieties. Food Chem 2006;99(3):464–469. doi.org/10.1016/j.
foodchem.2005.07.057

39. Velazquez E, Tournier HA, Mordujovich de Buschiazzo P, Saavedra 
G, Schinella GR. Antioxydant activity of Paraguayan plant 
extracts. Fitoterapia 2003;74(1-2):91–97. doi: 10.1016/s0367-
326x(02)00293-9

40. Saeed N, Khan MR, Shabbir M. Antioxidant activity, total phenolic and 
total flavonoid contents of whole plant extracts Torilis leptophylla L. 
BMC Complementary and Alternative Medicine 2012;12:221.

41. McDougall GJ, Kulkarni NN, Stewart D. Berry polyphenols inhibit 
pancreatic lipase activity in vitro. Food Chem 2009 ;115(1) :193–199.
doi : 10.1016/j.foodchem.2008.11.093

42. Hevener A, Reichart D, Janez A, Olefsky J. Female rats do not exhibit 
free fatty acid-induced insulin resistance. Diabetes 2002 ;51(6) 
:1907–1912. doi :10.2337/diabetes.51.6.1907

43. Surwit RS, Kuhn CM, Cochrane C, McCubbin JA, Feinglos MN. Diet-
induced type II diabetes in C57BL/6J mice. Diabetes 1988;37(9):1163–
1167. doi : 10.2337/diab.37.9.1163

44. Jimenez-Escrig A, Jimenez-Jimenez I, Sanchez-Moreno C, Saura-Calixto 
F. Evaluation of free radical scavenging of dietary carotenoids by the 
stable radical 2,2-diphenyl-1-picrylhydrazyl.  J. Sci. Food Agric. 2000; 
80:1686 – 1690.

45.  Sochor J, Ryvolova M, Krystofova O, Salas P, Hubalek J, Adam V. et 
al. Fully Automated Spectrometric Protocols for Determination of 
Antioxidant Activity: Advantages and Disadvantages. Molecules 2010; 
15:8618–40.

46.  Nalini R, Anuradha R. Phytochemical Screening and «In Vitro» 
Antioxidant Activity of Ethanolic Flower Extracts of Punica granatum. 
Int J Pharm Sci Rev Res 2015;30(1):353–60.

47.  Shah R, Kathad H, Sheth R, Sheth N. In vitro antioxidant activity of 
roots of Tephosia purpurea Linn. Int J Pharm Sci 2010;3:30–3.

48.  Condelli N, Caruso MC, Galgano F, Russo D, Milella L, Favati F. Prediction 
of the antioxidant activity of extra virgin olive oils produced in the 
mediterranean area. Food Chem 2015;177:233–9.

49.  Schoonjans K, Staels B, Auwerx J. Role of the peroxisome proliferator-

https://pubmed.ncbi.nlm.nih.gov/7706456/
https://pubmed.ncbi.nlm.nih.gov/7706456/
https://pubmed.ncbi.nlm.nih.gov/7706456/
https://pubmed.ncbi.nlm.nih.gov/7706456/
https://www.nature.com/articles/0802907
https://www.nature.com/articles/0802907
https://pubmed.ncbi.nlm.nih.gov/10929931/
https://pubmed.ncbi.nlm.nih.gov/10929931/
https://pubmed.ncbi.nlm.nih.gov/10929931/
https://pubmed.ncbi.nlm.nih.gov/18987272/
https://pubmed.ncbi.nlm.nih.gov/18987272/
https://pubmed.ncbi.nlm.nih.gov/18987272/
https://pubmed.ncbi.nlm.nih.gov/12436346/
https://pubmed.ncbi.nlm.nih.gov/12436346/
https://pubmed.ncbi.nlm.nih.gov/12436346/
https://pubmed.ncbi.nlm.nih.gov/7624778/
https://pubmed.ncbi.nlm.nih.gov/7624778/
https://pubmed.ncbi.nlm.nih.gov/7624778/
https://pubmed.ncbi.nlm.nih.gov/7624778/
https://pubmed.ncbi.nlm.nih.gov/8532024/
https://pubmed.ncbi.nlm.nih.gov/8532024/
https://pubmed.ncbi.nlm.nih.gov/8532024/
https://pubmed.ncbi.nlm.nih.gov/8532024/
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.584.9099&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.584.9099&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.584.9099&rep=rep1&type=pdf
https://pubmed.ncbi.nlm.nih.gov/11591434/
https://pubmed.ncbi.nlm.nih.gov/11591434/
https://pubmed.ncbi.nlm.nih.gov/11591434/
https://pubmed.ncbi.nlm.nih.gov/11473047/
https://pubmed.ncbi.nlm.nih.gov/11473047/
https://pubmed.ncbi.nlm.nih.gov/11473047/
https://www.nature.com/articles/nm1185
https://www.nature.com/articles/nm1185
https://www.nature.com/articles/nm1185
https://pubmed.ncbi.nlm.nih.gov/12221198/
https://pubmed.ncbi.nlm.nih.gov/12221198/
https://pubmed.ncbi.nlm.nih.gov/12221198/
https://pubmed.ncbi.nlm.nih.gov/12221198/
https://www.sciencedirect.com/science/article/abs/pii/S0308814606004821
https://www.sciencedirect.com/science/article/abs/pii/S0308814606004821
https://www.sciencedirect.com/science/article/abs/pii/S0308814606004821
https://www.sciencedirect.com/science/article/abs/pii/S0308814606004821
https://www.ijpcbs.com/abstract/evaluation-of-total-phenol-flavonoid-contentsrnand-invitro-antioxidant-activity-of-benincasarnhispida-fruit-extracts-77797.html
https://www.ijpcbs.com/abstract/evaluation-of-total-phenol-flavonoid-contentsrnand-invitro-antioxidant-activity-of-benincasarnhispida-fruit-extracts-77797.html
https://www.ijpcbs.com/abstract/evaluation-of-total-phenol-flavonoid-contentsrnand-invitro-antioxidant-activity-of-benincasarnhispida-fruit-extracts-77797.html
https://www.ijpcbs.com/abstract/evaluation-of-total-phenol-flavonoid-contentsrnand-invitro-antioxidant-activity-of-benincasarnhispida-fruit-extracts-77797.html
https://www.sciencedirect.com/science/article/abs/pii/S0308814605006758
https://www.sciencedirect.com/science/article/abs/pii/S0308814605006758
https://www.sciencedirect.com/science/article/abs/pii/S0308814605006758
https://www.sciencedirect.com/science/article/abs/pii/S0308814605006758
https://pubmed.ncbi.nlm.nih.gov/12628400/
https://pubmed.ncbi.nlm.nih.gov/12628400/
https://pubmed.ncbi.nlm.nih.gov/12628400/
https://pubmed.ncbi.nlm.nih.gov/12628400/
https://www.sciencedirect.com/science/article/abs/pii/S030881460801443X
https://www.sciencedirect.com/science/article/abs/pii/S030881460801443X
https://www.sciencedirect.com/science/article/abs/pii/S030881460801443X
https://pubmed.ncbi.nlm.nih.gov/12031980/
https://pubmed.ncbi.nlm.nih.gov/12031980/
https://pubmed.ncbi.nlm.nih.gov/12031980/
https://pubmed.ncbi.nlm.nih.gov/3044882/
https://pubmed.ncbi.nlm.nih.gov/3044882/
https://pubmed.ncbi.nlm.nih.gov/3044882/
https://onlinelibrary.wiley.com/doi/abs/10.1002/1097-0010%2820000901%2980%3A11%3C1686%3A%3AAID-JSFA694%3E3.0.CO%3B2-Y
https://onlinelibrary.wiley.com/doi/abs/10.1002/1097-0010%2820000901%2980%3A11%3C1686%3A%3AAID-JSFA694%3E3.0.CO%3B2-Y
https://onlinelibrary.wiley.com/doi/abs/10.1002/1097-0010%2820000901%2980%3A11%3C1686%3A%3AAID-JSFA694%3E3.0.CO%3B2-Y
https://onlinelibrary.wiley.com/doi/abs/10.1002/1097-0010%2820000901%2980%3A11%3C1686%3A%3AAID-JSFA694%3E3.0.CO%3B2-Y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6259195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6259195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6259195/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6259195/
http://www.stet.edu.in/SSR_Report/Criterion-III/Criterion-%203/journals/20.pdf
http://www.stet.edu.in/SSR_Report/Criterion-III/Criterion-%203/journals/20.pdf
http://www.stet.edu.in/SSR_Report/Criterion-III/Criterion-%203/journals/20.pdf
https://innovareacademics.in/journal/ijpps/Vol2Issue3/516.pdf
https://innovareacademics.in/journal/ijpps/Vol2Issue3/516.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0308814615000023
https://www.sciencedirect.com/science/article/abs/pii/S0308814615000023
https://www.sciencedirect.com/science/article/abs/pii/S0308814615000023
https://www.jlr.org/article/S0022-2275(20)42003-6/fulltext


Page 18 of 19Citation: Kangbéto Bidossessi Roland, Attakpa Sèlidji Eugène, Guinnin Félix (2022) Antioxidant Properties and Antidiabetic 
effect of Annona senegalensis and Trichilia prieureana in high fat diet -induced type 2 diabetic rats : A Molecular Mechanisms. 
SOJ Pharm Sci 8(1):1-19.  DOI: 10.15226/2374-6866/8/1/001102

Antioxidant Properties and Antidiabetic effect of Annona senegalensis 
and Trichilia prieureana in high fat diet -induced type 2 diabetic rats : A 
Molecular Mechanisms

Copyright: 
© 2022 Attakpa Sèlidji Eugène et al.

activated receptor (PPAR) in mediating the effects of fibrates and fatty 
acids on gene expression. J Lipid Res 1996;37(5):907–25.

50.  Lee CH, Olson P, Evans RM. Minireview: lipid metabolism, metabolic 
diseases, and peroxisome proliferator-activated receptors. 
Endocrinology 2003;144(6):2201–7.

51.  Sakakura Y, Shimano H, Sone H, Takahashi A, Inoue N, Toyoshima 
H. et al. Sterol regulatory element-binding proteins induce an entire 
pathway of cholesterol synthesis. Biochem Biophys Res Commun 
2001; 286(1):176–83.

52.  Gregoire FM, Smas CM, Sul HS. Understanding adipocyte 
differentiation. Physiol Rev 1998;78:783.

53. Trease GE, Evans WC. Text book of Pharmacognosy 14th Ed. WB 
Saunders Company Limited UK 2001.  

54.  Akhtar MS, Athar MA, Yaqub M. Effect of Momordica charantic on 
blood glucose level of normal and alloxan-diadetic rabbits. Planta 
Medica 1981;42(3):205–11.  

55.  Osadebe PO, Okide GB, Akabogu IC. Study on anti-diabetic activities 
of crude methanolic extracts of Loranthus micranthus (Linn.) sourced 
from five different host trees. J Ethnopharmarcolog 2004;95(2-
3):133–5. 

56.  Hasrat JA, De Bacher JP, Vauguelin A, Vlietinck AJ. Medicinal plants 
in Suriname: screening of plant extracts for receptorbinding activity. 
Phytomedicine 1997;4(1):59–65

57.  Etukudo I. Ethnobotany, conventional and traditional uses of plants. 
The Verdict Press 2003;89–90.

58.  Torres JL, Rosazza JPN. Microbial transformations of p-coumaric 
acid by Bacillus megaterium and Curvularia lunata. J Nat Prod 
2001;64(11):1408–14.

59.  Naczk M, Shahidi F. Extraction and analysis of phenolics in food. J 
Chromatogr 2004;1054(1-2):95–11. 

60.  Martin-Nizard F, Sahpaz S, Kandoussi A, Carpentier M, Fruchart JC, 
Duriez P. Natural phenylpropanoids inhibit lipoprotein induced 
endothelin-1 secretion by endothelial cells. J Pharm Pharmacol 
2004;56(12):1607–11.

61.  Hunt J, Dean RT, Wolff SP. Hydroxyl radical production and autoxidative 
glycosylation glucose autoxidation as the cause of damage in the 
experimental glycation model of diabetes and ageing. Biochem J 
1988;256(1):205–12.

62.  Javanmardi J, Stushnoff C, Locke E, Vivanco JM. Antioxidant activity 
and total phenolic content of Iranian Ocimum accessions. Food Chem 
2003;83:547–02.

63.  Figueroa LA, Navarro LB, Vera MP, Petricevich Vl. Antioxidant activity, 
total phenolic and flavonoid contents, and Cytotoxicity evaluation of 
bougainvillea xbuttiana. Int J Pharm Pharm Sci. 2014; 6(5):497–502.

64.  Ahmad B, Khan MR, Shah NA, Khan RA. In vitro antioxidant potential 
of dicliptera roxburghiana. BMC Complementary and Alternative 
Medicine 2013;13:140.

65.  Alothman M, Bhat R, Karim AA. Antioxidant capacity and phenolic 
content of selected tropical fruits from Malaysia, extracted with 
different solvents. Food Chemistry 2009; 115:785–8.

66.  Motalleb G, Hanachi P, Kua SH, Fauziah O, Asmah R. Evaluation of 
phenolic content and total antioxidant activity in Berberis vulgaris 
fruit extract. J Biol Sci 2005;5:648–53.

67.  Deepa P, Kaleena PK, Valivittan K. Antioxidant potential of sansevieria 

roxburghiana schult. Asian J Pharm Clin Res 2012;5(3):166–9.
68.  Sahreen S, Khan MR, Khan RA. Evaluation of antioxidant activities 

of various solvent extracts of Carissa opaca fruits. Food Chem 2010; 
122(4):1205–11.

69.  Reenu J, Azeez S, Bhageerathy C. In vitro Antioxidant Potential in 
Sequential Extracts of Curcuma caesia Roxb. Indian J Pharm Sci 2015; 
77(1):41–8.

70.  Shirwaikan A, Rajendran K, Dinesh K. In vitro antioxidant studies of 
Annona squamosa. Indian J Exp Biol 2004;142:803.

71.  Ghasemzadeh A, Omidvar V, Jaafar HZE. Polyphenolic content and 
their antioxidant activity in leaf extract of sweet potato (Ipomoea 
batatas). Journal of Medicinal Plants Research 2012;6(15):2971–6.

72.  Dong X, Wang Y, Liu T, Wu P, Gao J, Xu J. et al. Flavonoids as Vasorelaxant 
Agents: Synthesis, Biological Evaluation and Quantitative Structure 
Activities Relationship (QSAR) Studies. Molecules 2011; 16:8257–72.

73.  Sak K. Cytotoxicity of dietary flavonoids on different human cancer 
types. Pharmacogn Rev 2014;8(16):122–46.

74.  Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid antioxidants: 
chemistry, metabolism and structure-activity relationships. J Nutr 
Biochem 2002;13:572–84.

75.  Aiyegoro OA, Okoh AI. Phytochemical screening and polyphenolic 
antioxidant activity of aqueous crude leaf extract of Helichrysum 
pedunculatum. Int J Mol Sci 2009;10:4990–01. 

76.  Pinelo M, Manzocco L, Nunez MJ, Nicoli MC. Interaction among phenols 
in food fortification: Negative synergism on antioxidant capacity. 
Journal of Agricultural and Food Chemistry 2004;52:1177–80.

77.  Zhu KX, Lian CX, Guo XN, Peng W, Zhou HM. Antioxidant activities and 
total phenolic contents of various extracts from defatted wheat germ. 
Food Chemistry 2011;126:1122–6.

78.  Nakanishi I, Kawashima T, Ohkubo K, Kanazawa H, Inami K, 
Mochizuki M. et al. Electron-transfer mechanism in radical-scavenging 
reactions by a vitamin E model in a protic medium. Org Biomol Chem 
2005;3:626–9.

79.  Hseu YC, Chang WH, Chen CS, Liao JW, Huang CJ, Lu FJ. et al. Antioxidant 
activities of Toona sinensis leaves extracts using different antioxidant 
models. Food and Chemical Toxicology 2008;46:105–14. 

80.  Prior RL, Wu X, Schaich K. Standardized methods for the 
determination of antioxidant capacity and phenolics in foods and 
dietary supplements. Journal of Agricultural and Food Chemistry 
2005;53:4290–02.

81.  Schrauwen P and Westerterp KR: The role of highfat diets and physical 
activity in the regulation of body weight. Br J Nutr 2000;84:417–27.

82.  Mukherjee M. Human digestive and metabolic lipasesa brief review. J 
Mol Catalysis B Enzymatic 2003;22:369–76.

83.  Lunagariya NA, Patel NK, Jagtap SC, Bhutani KK. Inhibitors of 
pancreatic lipase: State of the art and clinical perspectives. Excil J 13 
2014;897–21.

84.  Shrayyef  MZ, Gerich JE. Normal glucose homeostasis In. Principles of 
Diabetes Mellitus 2010;19–35.

85.  Luna B,  Feinglos MN. Drug-induced hyperglycemia. Journal of the 
American Medical Association 2001;286(16):1945–8.

86.  Rand JS, Kinnaird E, Baglioni A, Blackshaw J, Priest J. Acute stress 
hyperglycemia in cats is associated with struggling and increased 
concentrations of lactate and norepinephrine. Journal Of Veterinary 

https://www.jlr.org/article/S0022-2275(20)42003-6/fulltext
https://www.jlr.org/article/S0022-2275(20)42003-6/fulltext
https://pubmed.ncbi.nlm.nih.gov/11485325/
https://pubmed.ncbi.nlm.nih.gov/11485325/
https://pubmed.ncbi.nlm.nih.gov/11485325/
https://pubmed.ncbi.nlm.nih.gov/11485325/
https://pubmed.ncbi.nlm.nih.gov/9674695/
https://pubmed.ncbi.nlm.nih.gov/9674695/
https://journals.sagepub.com/doi/abs/10.1177/096032719701600311
https://journals.sagepub.com/doi/abs/10.1177/096032719701600311
https://pubmed.ncbi.nlm.nih.gov/7280086/
https://pubmed.ncbi.nlm.nih.gov/7280086/
https://pubmed.ncbi.nlm.nih.gov/7280086/
https://pubmed.ncbi.nlm.nih.gov/15507325/
https://pubmed.ncbi.nlm.nih.gov/15507325/
https://pubmed.ncbi.nlm.nih.gov/15507325/
https://pubmed.ncbi.nlm.nih.gov/15507325/
https://www.sciencedirect.com/science/article/abs/pii/S0944711397800293
https://www.sciencedirect.com/science/article/abs/pii/S0944711397800293
https://www.sciencedirect.com/science/article/abs/pii/S0944711397800293
https://www.scirp.org/(S(vtj3fa45qm1ean45%20vvffcz55))/reference/referencespapers.aspx?referenceid=3042123
https://www.scirp.org/(S(vtj3fa45qm1ean45%20vvffcz55))/reference/referencespapers.aspx?referenceid=3042123
https://pubs.acs.org/doi/10.1021/np010238g
https://pubs.acs.org/doi/10.1021/np010238g
https://pubs.acs.org/doi/10.1021/np010238g
https://pubmed.ncbi.nlm.nih.gov/15553136/
https://pubmed.ncbi.nlm.nih.gov/15553136/
https://pubmed.ncbi.nlm.nih.gov/15563769/
https://pubmed.ncbi.nlm.nih.gov/15563769/
https://pubmed.ncbi.nlm.nih.gov/15563769/
https://pubmed.ncbi.nlm.nih.gov/15563769/
https://pubmed.ncbi.nlm.nih.gov/2851978/
https://pubmed.ncbi.nlm.nih.gov/2851978/
https://pubmed.ncbi.nlm.nih.gov/2851978/
https://pubmed.ncbi.nlm.nih.gov/2851978/
https://www.sciencedirect.com/science/article/abs/pii/S0308814603001511
https://www.sciencedirect.com/science/article/abs/pii/S0308814603001511
https://www.sciencedirect.com/science/article/abs/pii/S0308814603001511
https://innovareacademics.in/journal/ijpps/Vol6Issue5/9423.pdf
https://innovareacademics.in/journal/ijpps/Vol6Issue5/9423.pdf
https://innovareacademics.in/journal/ijpps/Vol6Issue5/9423.pdf
https://pubmed.ncbi.nlm.nih.gov/23777321/
https://pubmed.ncbi.nlm.nih.gov/23777321/
https://pubmed.ncbi.nlm.nih.gov/23777321/
file:///C:\Users\sandeep\Downloads\ciencedirect.com\science\article\abs\pii\S030881460801457X
file:///C:\Users\sandeep\Downloads\ciencedirect.com\science\article\abs\pii\S030881460801457X
file:///C:\Users\sandeep\Downloads\ciencedirect.com\science\article\abs\pii\S030881460801457X
https://scialert.net/abstract/?doi=jbs.2005.648.653
https://scialert.net/abstract/?doi=jbs.2005.648.653
https://scialert.net/abstract/?doi=jbs.2005.648.653
https://www.researchgate.net/publication/286949810_Antioxidant_potential_of_Sansevieria_roxburghiana_Schult_and_Schult_f
https://www.researchgate.net/publication/286949810_Antioxidant_potential_of_Sansevieria_roxburghiana_Schult_and_Schult_f
https://www.sciencedirect.com/science/article/pii/S0308814610004188
https://www.sciencedirect.com/science/article/pii/S0308814610004188
https://www.sciencedirect.com/science/article/pii/S0308814610004188
https://pubmed.ncbi.nlm.nih.gov/25767317/
https://pubmed.ncbi.nlm.nih.gov/25767317/
https://pubmed.ncbi.nlm.nih.gov/25767317/
https://pubmed.ncbi.nlm.nih.gov/15573531/
https://pubmed.ncbi.nlm.nih.gov/15573531/
https://www.researchgate.net/publication/225008408_Polyphenolic_content_and_their_antioxidant_activity_in_leaf_extract_of_sweet_potato_Ipomoea_batatas
https://www.researchgate.net/publication/225008408_Polyphenolic_content_and_their_antioxidant_activity_in_leaf_extract_of_sweet_potato_Ipomoea_batatas
https://www.researchgate.net/publication/225008408_Polyphenolic_content_and_their_antioxidant_activity_in_leaf_extract_of_sweet_potato_Ipomoea_batatas
https://www.researchgate.net/publication/51681526_Flavonoids_as_Vasorelaxant_Agents_Synthesis_Biological_Evaluation_and_Quantitative_Structure_Activities_Relationship_QSAR_Studies
https://www.researchgate.net/publication/51681526_Flavonoids_as_Vasorelaxant_Agents_Synthesis_Biological_Evaluation_and_Quantitative_Structure_Activities_Relationship_QSAR_Studies
https://www.researchgate.net/publication/51681526_Flavonoids_as_Vasorelaxant_Agents_Synthesis_Biological_Evaluation_and_Quantitative_Structure_Activities_Relationship_QSAR_Studies
https://pubmed.ncbi.nlm.nih.gov/25125885/
https://pubmed.ncbi.nlm.nih.gov/25125885/
https://pubmed.ncbi.nlm.nih.gov/12550068/
https://pubmed.ncbi.nlm.nih.gov/12550068/
https://pubmed.ncbi.nlm.nih.gov/12550068/
https://pubmed.ncbi.nlm.nih.gov/20087473/
https://pubmed.ncbi.nlm.nih.gov/20087473/
https://pubmed.ncbi.nlm.nih.gov/20087473/
https://pubmed.ncbi.nlm.nih.gov/14995117/
https://pubmed.ncbi.nlm.nih.gov/14995117/
https://pubmed.ncbi.nlm.nih.gov/14995117/
https://www.sciencedirect.com/science/article/abs/pii/S0308814610015724
https://www.sciencedirect.com/science/article/abs/pii/S0308814610015724
https://www.sciencedirect.com/science/article/abs/pii/S0308814610015724
https://pubs.rsc.org/en/content/articlelanding/2005/ob/b416572a
https://pubs.rsc.org/en/content/articlelanding/2005/ob/b416572a
https://pubs.rsc.org/en/content/articlelanding/2005/ob/b416572a
https://pubs.rsc.org/en/content/articlelanding/2005/ob/b416572a
https://pubmed.ncbi.nlm.nih.gov/17703862/
https://pubmed.ncbi.nlm.nih.gov/17703862/
https://pubmed.ncbi.nlm.nih.gov/17703862/
https://pubs.acs.org/doi/10.1021/jf0502698
https://pubs.acs.org/doi/10.1021/jf0502698
https://pubs.acs.org/doi/10.1021/jf0502698
https://pubs.acs.org/doi/10.1021/jf0502698
https://pubmed.ncbi.nlm.nih.gov/11103212/
https://pubmed.ncbi.nlm.nih.gov/11103212/
https://www.sciencedirect.com/science/article/abs/pii/S1381117703000523
https://www.sciencedirect.com/science/article/abs/pii/S1381117703000523
https://pubmed.ncbi.nlm.nih.gov/26417311/
https://pubmed.ncbi.nlm.nih.gov/26417311/
https://pubmed.ncbi.nlm.nih.gov/26417311/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4232006/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4232006/
https://jamanetwork.com/journals/jama/article-abstract/194307
https://jamanetwork.com/journals/jama/article-abstract/194307
https://pubmed.ncbi.nlm.nih.gov/11899027/
https://pubmed.ncbi.nlm.nih.gov/11899027/
https://pubmed.ncbi.nlm.nih.gov/11899027/


Page 19 of 19Citation: Kangbéto Bidossessi Roland, Attakpa Sèlidji Eugène, Guinnin Félix (2022) Antioxidant Properties and Antidiabetic 
effect of Annona senegalensis and Trichilia prieureana in high fat diet -induced type 2 diabetic rats : A Molecular Mechanisms. 
SOJ Pharm Sci 8(1):1-19.  DOI: 10.15226/2374-6866/8/1/001102

Antioxidant Properties and Antidiabetic effect of Annona senegalensis 
and Trichilia prieureana in high fat diet -induced type 2 diabetic rats : A 
Molecular Mechanisms

Copyright: 
© 2022 Attakpa Sèlidji Eugène et al.

Internal Medicine  2002;16(2):123–32.
87.  Abel EL. Physiological correlates of the forced swim test in rats. 

Physiology 1993;54(2):309–17.
88.  Lee YS, Kim WS, Kim KH, Yoon MJ, Cho HJ, Shen Y,  Kim CT. Berberine, 

a natural plant product, activates AMP-activated protein kinase with 
beneficial metabolic effects in diabetic and insulin-resistant states. 
Diabetes 2006;55(8):2256–64.

89.  Zhou J, Chan L, Zhou S. Trigonelline : a plant alkaloid with therapeutic 
potential for diabetes and central nervous system disease. Current 
medicinal chemistry 2012;19(21):3523–31. 

90.  Kang C, Han JH, Oh J, Kulkarni R, Zhou W, Ferreir D, Na M. Steroidal 
alkaloids from Veratrum nigrum enhance glucose uptake in skeletal 
muscle cells. Journal of natural products 2015;78(4):803–10.

91.  Chen J, Mangelinckx S, Adams A, Wang Z, Li W, De Kimpe N. Natural 
flavonoids as potential herbal medication for the treatment of diabetes 
mellitus and its complications. Natural product communications 2015 
;10(1):187-00.

92.  Waltner-Law ME, Wang XL, Law BK, Hall RK, Nawano M,  Granner 
DK. Epigallocatechin gallate, a constituent of green tea, represses 
hepatic glucose production. Journal of Biological Chemistry 2002 
;277(38):34933–40.

93.  Fang XK, Gao J, Zhu DN. Kaempferol and quercetin isolated from 
Euonymus alatus improve glucose uptake of 3T3-L1 cells without 
adipogenesis activity. Life sciences 2008 ;82(11):615–22.

94.  Li WL, Zheng HC, Bukuru J, De Kimpe N. Natural medicines used in the 
traditional Chinese medical system for therapy of diabetes mellitus. 
Journal of Ethnopharmacology 2004;92(1):1–21.

95.  Attele AS, Zhou YP, Xie JT, Wu JA, Zhang L, Dey L, Yuan CS. Antidiabetic 
effects of Panax ginseng berry extract and the identification of an 
effective component. Diabetes 2002 ;51(6) :1851–8.

96.  Wen X, Sun H, Liu J, Cheng K, Zhang P, Zhang L, Zographos SE. 
Naturally occurring pentacyclic triterpenes as inhibitors of glycogen 
phosphorylase : synthesis, structure − activity relationships, and X-ray 
crystallographic studies. Journal of medicinal chemistry 2008 ;51(12): 
3540–54.

97.  Metwally NS, Mohamed AM, ELSharabasy FS. Chemical constituents 
of the Egyptian plant Anabasis articulata (Forssk) Moq and its 
antidiabetic effects on rats with streptozotocin-induced diabetic 
hepatopathy. Journal Applied Pharmaceutical Science 2012 ;2 :54–65.

98.  Ohaeri OC. Effect of garlic oil on the levels of various enzymes in the 
serum and tissue of streptozotocin diabetic rats. Biosci Rep 2001 
;21(1) :19–24. 

99. Rochlani Y, Pothineni  NV, Kovelamudi S, Mehta JL. Metabolic 
syndrome: Pathophysiology, management, and modulation by natural 
compounds. Ther Adv Cardiovasc Dis 2017;11: 215–25.

100. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, 
Nakajima Y, Nakayama O, Makishima M, Matsuda M, Shimomura I. 
Increasedoxidative stress in obesity and its impact on metabolic 
syndrome. J Clin Invest 2004;114:1752–61.

101. Somanah J, Bourdon E, Bahorun T. Extracts of Mauritian Carica 
papaya (var. solo) protect SW872 and HepG2 cells against 
hydrogen peroxide induced oxidative stress. J Food Sci Technol 

2017;54:1917–27.
102. Makki K, Froguel P, Wolowczuk I. Adipose tissue in obesityrelated 

inflammation and insulin resistance: Cells, cytokines, and 
chemokines. ISRN Inflamm 2013;139239.

103. Ye J. Emerging role of adipose tissue hypoxia in obesity and 
insulin resistance. Int J Obes (Lond) 2009;33:54–66.

104. Bai SK, Lee SJ, Na HJ, Ha KS, Han JA, Lee H, Kwon YG, Chung CK, 
Kim YM. Betacarotene inhibits inflammatory gene expression 
in lipopolysaccharidestimulated macrophages by suppressing 
redoxbased NFkappaB activation. Exp Mol Med 2005;37:323–34.

105. Manna P, Jain SK. Obesity, oxidative stress, adipose tissue 
dysfunction, and the associated health risks: Causes and 
therapeutic strategies. Metab Syndr Relat Disord 2015;13:423–
44.

106. Asghar N, Naqvi SA, Hussain Z, Rasool  N, Khan ZA, Shahzad 
SA, Sherazi TA, Janjua MR, Nagra SA, ZiaUlHaq M, Jaafar HZ. 
Compositional difference in antioxidant and antibacterial activity 
of all parts of the Carica papaya using different solvents. Chem 
Cent J 2016;10:5. 

107. SeptembreMalaterre A, Stanislas G, Douraguia E, Gonthier MP. 
Evaluation of nutritional and antioxidant properties of the 
tropical fruits banana, litchi, mango, papaya, passion fruit and 
pineapple cultivated in Reunion French Island. Food Chem 
2016;212:225–33.

108. Lee S, Keirsey KI, Kirkland R, Grunewald ZI, Fischer JG, de La Serre 
CB. Blueberry supplementation influences the Gut Microbiota, 
inflammation, and insulin resistance in Highfatdietfed Rats. J 
Nutr 2018;148:209–19.

https://pubmed.ncbi.nlm.nih.gov/11899027/
https://pubmed.ncbi.nlm.nih.gov/8372126/
https://pubmed.ncbi.nlm.nih.gov/8372126/
https://pubmed.ncbi.nlm.nih.gov/16873688/
https://pubmed.ncbi.nlm.nih.gov/16873688/
https://pubmed.ncbi.nlm.nih.gov/16873688/
https://pubmed.ncbi.nlm.nih.gov/16873688/
https://pubs.acs.org/doi/10.1021/np501049g
https://pubs.acs.org/doi/10.1021/np501049g
https://pubs.acs.org/doi/10.1021/np501049g
https://journals.sagepub.com/doi/abs/10.1177/1934578X1501000140
https://journals.sagepub.com/doi/abs/10.1177/1934578X1501000140
https://journals.sagepub.com/doi/abs/10.1177/1934578X1501000140
https://journals.sagepub.com/doi/abs/10.1177/1934578X1501000140
https://www.jbc.org/article/S0021-9258(18)36718-8/fulltext
https://www.jbc.org/article/S0021-9258(18)36718-8/fulltext
https://www.jbc.org/article/S0021-9258(18)36718-8/fulltext
https://www.jbc.org/article/S0021-9258(18)36718-8/fulltext
https://pubmed.ncbi.nlm.nih.gov/18262572/
https://pubmed.ncbi.nlm.nih.gov/18262572/
https://pubmed.ncbi.nlm.nih.gov/18262572/
https://pubmed.ncbi.nlm.nih.gov/15099842/
https://pubmed.ncbi.nlm.nih.gov/15099842/
https://pubmed.ncbi.nlm.nih.gov/15099842/
https://pubmed.ncbi.nlm.nih.gov/12031973/
https://pubmed.ncbi.nlm.nih.gov/12031973/
https://pubmed.ncbi.nlm.nih.gov/12031973/
https://pubs.acs.org/doi/10.1021/jm8000949
https://pubs.acs.org/doi/10.1021/jm8000949
https://pubs.acs.org/doi/10.1021/jm8000949
https://pubs.acs.org/doi/10.1021/jm8000949
https://pubs.acs.org/doi/10.1021/jm8000949
https://link.springer.com/article/10.1023/A:1010425932561
https://link.springer.com/article/10.1023/A:1010425932561
https://link.springer.com/article/10.1023/A:1010425932561
https://pubmed.ncbi.nlm.nih.gov/28639538/
https://pubmed.ncbi.nlm.nih.gov/28639538/
https://pubmed.ncbi.nlm.nih.gov/28639538/
https://pubmed.ncbi.nlm.nih.gov/28720948/
https://pubmed.ncbi.nlm.nih.gov/28720948/
https://pubmed.ncbi.nlm.nih.gov/28720948/
https://pubmed.ncbi.nlm.nih.gov/28720948/
https://pubmed.ncbi.nlm.nih.gov/24455420/
https://pubmed.ncbi.nlm.nih.gov/24455420/
https://pubmed.ncbi.nlm.nih.gov/24455420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2650750/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2650750/
https://www.nature.com/articles/emm200542
https://www.nature.com/articles/emm200542
https://www.nature.com/articles/emm200542
https://www.nature.com/articles/emm200542
https://pubmed.ncbi.nlm.nih.gov/26569333/
https://pubmed.ncbi.nlm.nih.gov/26569333/
https://pubmed.ncbi.nlm.nih.gov/26569333/
https://pubmed.ncbi.nlm.nih.gov/26569333/
https://pubmed.ncbi.nlm.nih.gov/26848308/
https://pubmed.ncbi.nlm.nih.gov/26848308/
https://pubmed.ncbi.nlm.nih.gov/26848308/
https://pubmed.ncbi.nlm.nih.gov/26848308/
https://pubmed.ncbi.nlm.nih.gov/26848308/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/29490092/
https://pubmed.ncbi.nlm.nih.gov/29490092/
https://pubmed.ncbi.nlm.nih.gov/29490092/
https://pubmed.ncbi.nlm.nih.gov/29490092/

