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Abstract 

Background: Wild edible fruits are good source of phenolic compounds such as anthocyanins. Those compounds are 
known for their anti-inflammatory potential. They interact with many mediators of the physiopathological pathway 
such as NF-kB which is at a central position in the inflammatory response in macrophages. This study aimed to 
determine the anti-inflammatory and antioxidant potential of ten wild edible fruits aqueous extracts. 

Methods: The antioxidant potential was evaluate through the DPPH, ABTS and OH radical scavenging activity; the ferric 
reducing agent power and the total antioxidant capacity assessment. Also, the total phenolic and flavonoids, 
anthocyanins compounds and vitamin C content were assayed. For the anti-inflammatory activity, a primary 
macrophage culture was used. Inflammatory mediators such as nitric oxide (NO), alkaline phosphatase, NADPH oxidase 
and 5-lipoxigenase activity was assayed. 

Results: Alchornea cordifolia and Pentaclethra macrophylla extracts showed the greatest antioxidant activity 
respectively (Antiradical power (AP)=5.82 mol of DPPH/mg of extract and AP=5.05 mol of DPPH/mg of extract for DPPH 
scavenging assay); (IC50=1.62µg/ml and IC50=1.60µg/ml for ABTS radical scavenging assay); (IC50=32.67µg/ml and 
IC50=70.01µg/ml for OH radical scavenging assay) and (EC50=54.06µg/ml and EC50=17.46µg/ml for ferric reducing 
antioxidant power) with a non-significant difference with the reference compound. For the anti-inflammatory activity, 
firstly it has been observed that Alchornea cordifolia’s extract exhibits the greatest potential against NADPH oxidase 
activity inhibition (IC50=36.20µg/ml); alkaline phosphatase activation (EC50=0.27µg/ml) with non-significant difference 
with the reference compound. Secondly, Pentaclethra macrophylla’s extract demonstrated a high ability to inhibit NO 
production (IC50=5.79µg/ml) and 5-lipoxigenase (IC50=1.41µg/ml).  

Conclusion: From the results obtained the assessed wild fruit extracts appears to be good sources for anti-
inflammatory and antioxidant bioactive molecules. They could be beneficial for the research of new modulators for the 
management of inflammatory disorders. 

Keywords: Wild fruits; Anti-inflammatory; Antioxidant; Cameroon 

1. Introduction

Inflammatory reaction is one of the first defense lines of the body against pathogens. It is part of the native immune 
system and it’s composed of a multitude of circulating cells that constantly maintain the well-being of the body [1]. 
Those cells (neutrophils, macrophages, dendritic cells…) act either by doing phagocytosis and/or by secreting some 
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inflammatory mediators (pro- and anti-inflammatory mediators) in normal amount according to the pathogen to which 
the response is driven against. When the inflammatory process is not well controlled those reactive oxygen species 
(ROS) will react against the body himself and lead to many disorders such as lipid peroxidation, protein oxidation an 
even nucleic acid mutations [2]. Also when the immune response against a pathogen is disproportional, activated 
sentinel cells will produce a high amount of nitric oxide to permit the dilatation of blood vessel, then a pro-inflammatory 
cytokine (Leukotriene B4) will act as a chemo-attractant agent to permit other inflammatory cells to reach at the 
inflammatory site. Other inflammation mediators such as PGE2, interleukin 6 (IL-6), interleukin 1β (IL-1β), tumor 
necrosis factor-alpha (TNF-α) and interleukin 8 (IL-8) will contribute to the promotion of prolonged inflammation [3, 
4]. Also interleukin 17 could be produced in order to activate neutrophils and monocytes to the inflammatory site as 
describe on the figure 1 [5]. That overproduction of pro-inflammatory mediator can be maintain over the time and 
conduct to some inflammatory diseases such as inflammatory bowel diseases, rheumatoid arthritis, Alzheimer's 
disease…[2]. Inflammatory diseases are considered major threats to human health worldwide. One of the consequences 
is the activation of some key immune cells that will produce pro-inflammatory enzymes. For example activated 
macrophages can produce NADPH oxidase in order to facilitate the phagocytosis process [6]. That enzyme will be 
responsible of the production of some reactive oxygen species necessary for the destruction of the antigen. Many 
approaches have been explored in order to find ways to manage these threats. Plants has been largely explored during 
recent years for their high secondary metabolites contain and fruits are pointed to contain a high amount of phenolic 
compounds and could be very beneficial for the managements of those threats [7-9]. Cameroon has a rich diversity of 
wild fruits whom biological potential remain non-explored [10]. Thus this study was designed to investigate the anti-
inflammatory and the antioxidant potential of ten wild fruits extracts from Cameroon’s flora. 

 

Figure 1 Mechanism of induction of macrophage inflammatory response by Saccharomycces cerevisiae 

2. Material and methods 

2.1. Plant Material 

Fresh fruits were collected in 03 region of Cameroon: the Subdivision of Mintom, in the South region, the Subdivision of 
Foumban, in the West region, and in the subdivision of Mfou, in the Centre region. Harvested specimen were identified 
at the Cameroon National Herbarium (CNH) in Yaounde, Cameroon. The fruits were washed and rinsed with distilled 
water and dried in an oven at 50 °C in the laboratory, then crushed in a blender to obtain the powder and conserved. 
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2.2. Preparation of Extracts 

Fifty grams of the powder was boiled in 500µl of distilled water for 30 min and then cooled at room temperature. The 
resulting mixtures were filtered through Whatman No. 1 paper and dried in an oven at 50 °C. The different fruits extracts 
were named using a specific nomenclature and different extractions yields were recorded (Table 1).  

2.3. Determination of the Antioxidant Potential 

The antioxidant potential of the different fruits extracts was evaluated by assessing their 2,2-diphenyl-1-picryl hydrazyl 
(DPPH) radical scavenging, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonique) (ABTS), and OH radical scavenging 
activity. Their ferric iron reducing antioxidant power assay, the total antioxidant capacity, phenolic compounds, 
flavonoids, anthocyanins and vitamin C content was also assessed. For these different tests, extracts at final 
concentrations of 0.1; 1; 10; 100; and 1000µg/ml were used and tests done in triplicate and results are presented as 
mean ± standard deviation (SD).  

2.3.1. Free Radical Scavenging Activity 

The scavenging activity against three radical was assessed (DPPH, ABTS, OH). 

DPPH Radical Scavenging Assay  

This assay was carried out based on an electron transfer reaction between an antioxidant component and DPPH radical 
[11]. Briefly in a series of test tubes containing 3.1 ml of the methanolic solution of DPPH (40 µg/ml), fifty µl of plant 
extracts was added. In the negative and positive control tubes, the extract was replaced respectively by solvent and 
ascorbic acid. The mixtures were homogenized and incubated in the dark for 30 minutes at room temperature, and the 
absorbance was measured at 517 nm with a spectrophotometer. The percentage of scavenging was calculated by using 
the formula (1) above. 

% of scavenging =
ODcontrol−ODassay

ODcontrol
× 100  (1) 

Where:  
ODcontrol : absorbance of the negative control tube 
ODassay : absorbance of the test tube 

The 50% inhibitory concentration (IC50) value expressed in µg of extract per mol of DPPH for each extract was 
determined by using a non-linear regression curve of the DPPH scavenging activity against the logarithm of the 
concentration of extracts tested. after that the antiradical power (AP) was calculated using the formula (2). 

AP =
1

IC50
  (2) 

ABTS Radical Scavenging Assay  

The stock solution of the ABTS radical was prepared by mixing the ABTS (7 mM) with potassium persulfate (2.45 mM) 
at room temperature in the dark for 12-16h [12]. The working solution was obtained by calibrating the stock solution 
to obtain an optical density (OD) of 0.70±0.02 at 734 nm. The ABTS working solution (3.1ml) was mixed with the 
samples (50 μl) at different concentrations and the absorbance was measured after 10 min of incubation at room 
temperature at 734 nm using a spectrophotometer. For the negative and positive control tubes, extracts were replaced 
respectively by water and ascorbic acid. The percentage of scavenging activity was calculated using the formula (1). 

The 50% inhibitory concentration (IC50) was calculated the same way as DPPH assay. 

OH Radical Scavenging Assay 

This assay was performed according to a previously described method [13]. In the test tubes, 0.7ml of FeSO4 at 3mM, 
was add to 1ml of H2O2 at 1mM. 1.4 ml of distilled water was add to the medium and the volume was completed with 
0.4ml of salicylic acid at 10mM. All the mix was stirred then incubated at 37 °C during 1h. The absorbance of the mixture 
was read at 562nm. 
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2.3.2. Ferric Reducing Antioxidant Power Assay 

The ferric reduction power assay was perform following the Fenton reaction [14].In each tube 50 µl of plant extracts, 
1100 µl of phosphate buffer (0.6 M pH 6.6), 1000 µl of 0.25% potassium ferricyanide were added. In the blank, 1100µl 
of distilled water was added instead of potassium ferricyanide. After incubation for 20 min at 50  °C, 1 ml of 10% 
trichloroacetic acid (TCA) was added to all tubes. Tubes were centrifuged (1620g, 10 min 4  °C) then, to 1ml of 
supernatant was added 1ml of distilled water and 200 µl of ferric chloride. The whole was well homogenized and then 
left to stand for 10 min. The absorbance was measured at 700 nm against the blank in a spectrophotometer and the 
percentages of iron reduction were calculated using the formula (1) and EC50 was also determined as previously 
described. 

2.3.3. Determination of the Total Antioxidant Capacity (TAC) 

The TAC was measured following the method previously described [15]. In each test tube 50 µl of plant extracts, 1ml of 
0.6 M sulfuric acid, 1050µl of 28 mM sodium phosphate and 1050 µl of 4 mM ammonium molybdate were successively 
added. The tubes were capped with the beads and heated for 90 min then cooled on a stream of cold water. The 
absorbance of the blue staining mixture was measured in a spectrophotometer at 695 nm. The antioxidant capacity of 
the extracts expressed in milligram equivalent ascorbic acid per g of extract (mg Eq AA/g of extract) was determined 
from the calibration curve obtained by using ascorbic acid. 

2.3.4. Determination of Total Phenolic Compounds Content 

The total phenolic content of the extract was determined by the modified Folin-Ciocalteu method [16]. In each tube, we 
added 2000µl of distilled water, 100µl of extract at 100 µg/ml and 200µl of Folin-ciocalteu (2N) solution. After 3 min of 
incubation at room temperature, 1000 µl of 20% Sodium Carbonate was added. The mixture was incubated for 1 hour 
in the dark at room temperature, and absorbance read at 700 nm. The total phenolic compounds contents were 
expressed in milligram equivalents of gallic acid per gram of extract (mg GAE/g extract) using a calibration curve. 

2.3.5. Determination of Flavonoids Content 

The total flavonoids content was determinate by the aluminum chloride complexation method [16]. In the blank and 
test tubes were respectively added, 500µl of methanol and 500µl of the extract solution then, 500µl of aluminum 
chloride (AlCl3) 2% (w/v) was introduced in each of the tubes. All tubes were vortexed and incubated at room 
temperature for 1 hour and the optical densities of the yellow stain read at 430 nm against the blank. The total 
flavonoids contents was expressed in milligram equivalents of Quercetine per gram of extract (mg Eq Q/g extract) using 
a calibration curve. 

2.3.6. Determination of Anthocyanins Content 

The total monomeric anthocyanins concentration was determined by the pH differential method based on the structural 
transformation that occurs with a change in pH (colored at pH 1.0 and colorless at pH 4.5). [17]. 0.5ml of fruits extracts 
were added to 2ml of pH 1.0 buffer solution (potassium chloride, 0.025M) on one hand. On the other hand 0.5ml of 
extract was added to 2ml of pH 4.5 buffer solution (sodium acetate, 0.4M). The medium was left at room temperature 
and the absorbance were read both at 520nm and 700nm within 20-50 min of preparation. Anthocyanins concentration 
was calculated and expressed as cyanidin-3-glucoside equivalents using the above formula. 

[Anthocyanins] =
A × MW × DF × 1000

Ɛ × l × α
 

Where  

A= (A520nm – A700nm)pH 1.0 - (A520nm – A700nm)pH 4.5;  
MW (molecular weight) = 449.2 g/mol for cyaniding-3-glucoside (cyd-3-glu);  
DF= dilution factor; l= path length in cm; 
Ɛ= 26900 molar extinction coefficient in L.mol-1.cm-1 for cyd-3-glu;  
α= quantity of extract in the tube (in g);  
[Anthocyanins] = anthocyanins content in µg/g of plant extract. 

2.3.7. Determination of Ascorbic Acid Content 

The determination of total vitamin C content was conducted by a spectrophotometric method using potassium 
permanganate as a chromogenic reagent. The absorbance was measured when a potassium permanganate solution 
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reacted with the solution of ascorbic acid in acid medium. Vitamin C consumes KMnO4 (purple color) causing a decrease 
in the absorbance at 525-530nm [18]. The vitamin C contents was expressed in milligram per gram of extract (mg/g 
extract) using a calibration curve. 

2.4. Evaluation of the Anti-inflammatory Activity 

2.4.1. Cell Line and Culture 

Primary macrophages was isolated from mouse. For the elicitation, an intra-peritoneal injection of 0.5 ml of a 2% starch 
solution (inflammatory agent) was done [19]. Four days after, the animal was sacrificed by cervical dislocation. 
Subsequently, 5 ml of PBS buffer (0.1 M, pH 7.4) were injected into the mice peritoneal cavity with a syringe. After 
massaging the abdominal cavity of the animal, the injected buffer was then slowly aspirated having done a small incision 
through the abdomen. The resulting solution containing macrophages was put into 15 ml Falcon tubes and kept in ice. 
The resulting fluid was centrifuged (1620g, 4 °C, 10 min) and the supernatant removed. Erythrocytes were removed by 
osmotic shock [16] by suspending the cells in 1 ml of hypotonic 0.05 M NaCl solution for 1 min. The isotonicity was then 
restored by adding 1 ml of 0.25 M NaCl. The mixture was centrifuged again (1620 g, 4 °C, 10 min), and the resulting 
pellet containing mostly macrophages was suspended in 2 ml of DMEM culture medium (containing 0.2% streptomycin 
and penicillin, 0.4 g/l of bovine serum albumin, and 3.7g/l NaHCO3 in PBS and filtered with 0.22µm Millipore filters) 
and kept in ice.  

The cell viability was determined by using the trypan blue exclusion method [20]. 

2.4.2. Treatment of Isolated Macrophages with Tested Samples 

On the 96-well plate, 150 µl of a cell suspension (104 cells/well) were distributed in different wells. In the test and 
positive control wells, 50 µl of Saccharomycces cerevisiae (SC) (250µg/ml) were added to stimulate macrophage to 
produce pro-inflammatory cytokines; 50µl of DMEM were added in the blank well. The micro-plate was incubated for 
1h at 37 °C (5% CO2), then 50 µl of plant extracts or baicalin at different concentrations (0.1, 1, 10 and 100 µg/ml) were 
added to the test wells and 50µl of DMEM were added to the blank and positive control wells. After 3h of incubation at 
37 °C (5% CO2), the cells supernatants were used for the nitric oxide quantification while the pellets were used for the 
activity of lysosomal enzymes, 5-lipoxygenase and cytotoxicity. 

2.4.3. Cell Viability Assay 

The effect of fruits extracts on the primary culture macrophage viability was determined by using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) as described elsewhere [21]. The cell pellet from the different 
incubations was taken up in 100 µl of MTT solution (0.5 mg/ml in PBS) and the mixture was incubated at 37 °C for 1h 
30 min, then the supernatant was removed and 100 µl of acidified isopropanol was added to each tube to dissolve the 
formazan crystals formed. Finally, the absorbance of the purple solution was read at 630 nm against the acidified 
isopropanol solution. The percentages of cell viability were calculated using the following formula:  

% viability = (ODassay / ODconttrol) × 100 

2.4.4. Quantification of Nitric Oxide Production by Stimulated Macrophages  

The assay was done according to the Griess diazotation method already described [22]. One hundred microliter of cell 
supernatants obtained previously were mixed with 100 µl of Griess reagent (1% sulphanylamide, 0.1% naphthyl 
ethylene diamine dihydrochloride in 2.5% v/v phosphoric acid). The mixture was incubated at room temperature for 
10 min and the absorbance was measured in a plate reader at 550 nm. The amount of nitrite is measured against the 
standard sodium nitrate curve. 

The percentage inhibition of nitric oxide production was calculated according to the formula 

% inhibition = [(ODcontrol - ODassay) / ODcontrol] × 100 

2.4.5. Measurement of Inflammatory Enzymes Activities 

Alkaline Phosphatase Activity  

The measurement of this enzyme activity was done as described [23]. The cell pellets obtained in the methodology were 
used. The pellets obtained were solubilized with 25 µl of Triton X-100. Then, 50 µl of p-nitrophenylphosphate (10 mM) 
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and 50 µl of glycine buffer (0.1 M, pH 9.0) was added to the medium. All solutions were incubated for 30 min at 37 °C. 
The reaction was stopped by adding 100 µl of NaOH buffer (0.2 M, pH 12) and the absorbance was measured at 405 nm. 

The percentage of variation of the enzyme activity was calculated taking into account the control tubes using to the 
following formula:  

% of activity = [(ODassay - ODcontrol) / ODcontrol] × 100 

NADPH Oxidase Activity 

Micro-plates were used for this experiment and the protocol used was the one previously described [6]. Here 150µl of 
cells (104cells/ml) were incubated with 50µl of fruits extracts at 37 °C, 5% CO2 during 3h. After that, 50µl of 
Saccharomycces cerevisiae and 50µl of nitro blue tétrazolium (NBT) was added to the medium then incubated at 37 °C, 
5% CO2 during 1h. The supernatant was eliminate, the pellets was solubilized inside 20µl methanol then left at room 
temperature during 10min. After that 50µl of KOH 2M and 50 of DMSO was added to the medium. The absorbance was 
read at 570nm. 

5-Lipoxygenase Activity 

This test was performed according to a method previously described [24]. Primary macrophages were isolated and 
recovered into DMEM as already described [16]. A cells volume of 950µl was putted inside each tube (105 cells/tube). 
Then 300µl of Saccharomyces cerevisiae suspension (250µg/ml) was added. In the negative control tube the antigen was 
replaced by the culture medium. The mix was then incubated during one hour at 37 °C (5% CO2). Subsequently 50µl of 
extract was added into the test tubes and 50µl of medium for the controls, followed by a second incubation of 3 hours. 
After this each tube was centrifuged at 720g, 10 minutes, 4 °C and the supernatant discarded. The pellet containing the 
cells was lysate by the addition of 50µl Triton X-100 and the tubes were shaken for 2 minutes. At the end, 1000µl of 
linoleic acid (125µM) was added and incubated for 30 minutes. Optical densities of the supernatant were read at 234nm. 

2.5. Data Analysis  

Data analyses were performed using GraphPad Prism 8.0.1 software. The results were expressed as mean ± standard 
deviation and the sample comparison was done using one-way ANOVA followed by the multiple comparison test of 
Turkey with a p-value p˂0.05. 

3. Results  

3.1. Antioxidant Activities of the Studied Fruit Extracts  

3.1.1. Free Radical Scavenging Activity 

From all the fruit extract tested, Alchornea cordifolia and Pentaclethra macrophylla revealed the best ability to scavenge 
free radicals. AP and IC50 are good indicators for that. For DPPH assay, AP were respectively 5.82 ± 1.15, 5.05 ± 0.85 mol 
of DPPH/mg of extract for the two fruits, with no significant difference with the standard (5.53 ± 1.52 mol of DPPH/mg 
of AA). For ABTS assay, IC50 were respectively 6.86±0.94, 7.90±0.92 µg/ml, with no significant difference with the 
standard (7.23±1.35 µg/ml). For OH assay, IC50 were respectively IC50=32.67±2.56, 70.01 ± 1.99 µg/ml (Table 1). 
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A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia hispida, F= Pentaclethra 

macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

Figure 2 DPPH and ABTS radical scavenging activity. A: DPPH radical scavenging, B: ABTS radical scavenging 

3.1.2. Iron Reducing Power (FRAP) of Fruits Extracts 

 
A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia hispida, F= Pentaclethra 

macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

Figure 3 OH radical scavenging and Ferric reducing antioxidant power activity. A: OH radical scavenging activity, B: 
Ferric reducing antioxidant power activity 
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The ferric reducing antioxidant power assay revealed that Pentaclethra macrophylla’s aqueous extract exhibited the 
highest reducing activity with an evolution going in a concentration-dependent manner (Fig. 3b). The EC50 obtain 
(17.46±3.89µg/ml) was no significantly different from that of the reference compound (14.10±3.52µg/ml) (Table 1). 

Table 1 IC50 and EC50 for antioxidant activities 

Fruits extracts / 
compound 

AP for DPPH radical 
scavenging 

IC50 for ABTS radical 
scavenging 

IC50 for OH 
radical 
scavenging 

IC50 for ferric reducing 
antioxidant power 

A 5.82 ± 1.15b 1.622 ± 0.81b 32.67 ± 2.56b 54.06 ± 1.97a 

B  0.02 ± 0.00a 226.4 ± 6.03a 236.1 ± 3.66a >1000a 

C 0.31 ± 0.01a 12.64 ± 1.41a 720.9 ± 13.54a 814.8 ± 3.97a 

D 0.10 ± 0.00a 14.95 ± 1.55a 79.4 ± 4.17a 417.7 ± 4.53a 

E 0.33 ± 0.00a 24.75 ± 1.65a 128 ± 4.86a 454.2 ± 3.57a 

F 5.05 ± 0.85b 1.609 ± 0.51b 70.01 ± 1.99a 17.46 ± 1.57b 

G 0.29 ± 0.01a 13.34 ± 1.20a 255.1 ± 13.51a 431.6 ± 4.57a 

H 0.45 ± 0.01a 23.47 ± 2.52a 99.67 ± 4.63a 325.2 ± 7.37a 

I 1.73 ± 0.25a 39.1 ± 2.73a 105.5 ± 3.98a >1000a 

J 0.18 ± 0.00a 12.47 ± 1.47a >1000a 33.24 ± 1.82b 

Ascorbic acid 5.53 ± 1.52 1.605 ± 0.74 42.14 ± 1.55 14.10 ± 1.29 

a: significantly different to the standard at p˂0.05; b: non-significantly different to the standard at p˂0.05. AP= antiradical power in mol of 
DPPH/mg of extract; A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia 

hispida, F= Pentaclethra macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

3.1.3. Total Antioxidant Capacity of Fruits Extracts 

The determination of the total antioxidant capacity was done by the phosphomolybdenum method. The results 
expressed in milligram ascorbic acid equivalent per gram of plant extract (mgEAA/g extract) show us that Alchornea 
cordifolia’s extracts has the greatest ability to reduce the phosphomolybdic complex (213.92 ± 1.03 mgEq AA/g extract) 
(Table 2). 

3.1.4. Total Phenolic Compounds and Flavonoids Content of Fruits Extracts 

The determination of phenolic compounds with Folin Ciocalteu reagent showed that Pentaclethra macrophylla’s extract 
contained the greatest amount of phenolic compounds compare to the other extracts (42.86 ± 0.08 mg/g of extract). In 
addition, the determination of flavonoids by the aluminium chloride complexation method showed that the aqueous 
extract of Alchornea cordifolia contained more flavonoids than the others (5.62 ± 0.22 mg/g of extract) (Table 2). 

3.1.5. Total Monomeric Anthocyanins and Vitamin C Content of Fruits Extracts 

The pH differential method reveal that the anthocyanins content was ranged from 8.35 to 243.80 µg/g of plant extract. 
Ficus benjamina and Pentaclethra macrophylla’s extract have the greatest anthocyanins content (Respectively 243.80 
and 195.38µg/g of plant extract). The vitamin C content assessed were ranged from 2.07 mg/g of extract for 
Pseudospondias microcarpa to 38.86 ± 0.99 mg/g of extract for Ficus benjamina fruits extract (38.86 ± 0.99 mg/g of 
extract). (Table 2). 

3.2. Anti-Inflammatory Activities of the Fruit Extracts 

3.2.1. Cell Cytotoxicity of Fruits Extracts Using MTT Assay 

The evaluation of the cytotoxicity of those plant extracts on primary macrophages culture was carried out using MTT 
assay at extract concentrations ranged from 0.1 to 1000µg/ml (Fig. 4). The results obtained show that below 
1000µg/ml, fruit extract are non-toxic for macrophages in culture. 
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A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia hispida, F= Pentaclethra 

macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

Figure 4 MTT viability assay 

3.2.2. Inhibitory Effect of Fruits Extracts on Nitric Oxide Production 

The ability of the fruit extracts to inhibit nitric oxide synthesis by SC-activated macrophages was carried out using the 
Griess diazotization method. It was found that the plant extracts significantly (p˂0.05) reduced NO production by 
macrophages (Fig. 5a). Pentaclethra macrophylla’s extract showed a pronounced inhibitory activity (5.79 ± 0.79µg/ml) 
with no significant difference to that of the reference compound (5.08 ± 1.65µg/ml). (Table 3).  

 
A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia hispida, F= Pentaclethra 

macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

Figure 5 Modulating effect of fruits extracts on nitric oxide production and alkaline phosphatase activity. A: Inhibitory 
effect against nitric oxide synthesis, B: Stimulating effect against alkaline phosphatase activity 
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3.2.3. Modulating Effect of Fruits Extracts on Some Key Inflammatory Enzymes 

Firstly the activity of an anti-inflammatory lysosomal enzyme (alkaline phosphatase) was measured and it was observed 
that it was considerably increased in the presence of those fruits extracts (Fig. 5b). The calculation of the EC50 allowed 
us to show that the Alchornea cordifolia’s extract boosts alkaline phosphatase activity better than baicalin which was 
our reference anti-inflammatory compound (Respectively 0.27 ± 0.16 µg/ml and 12.47 ± 1.32 µg/ml). Secondly the 
inhibitory effect on a pro-inflammatory enzyme (NADPH oxidase) was measured. IC50’s obtained show that Alchornea 
cordifolia’s aqueous extract has a great inhibitory activity with no significant difference with the standard (p˂0.05). 
Finally, the inhibitory effect on another pro-inflammatory enzyme (5-lipoxigenase) was measured. This inhibition was 
more pronounced in the presence of the Pentaclethra macrophylla’s extract with a non-significant difference with the 
reference compound (Table 3). 

 
A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia hispida, F= Pentaclethra 

macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

Figure 6 Inhibitory effect against some key pro-inflammatory enzymes activities. A: Inhibitory effect against NADPH 
oxidase activity, B: Inhibitory effect against 5-lipoxigenase activity 
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Table 3 IC50 and EC50 for anti-inflammatory activities 

Fruits extracts / 
compound 

IC50 for NO 
inhibition 

EC50 for Alkaline 
phosphatase activation 

IC50 for NADPH 
oxidase inhibition 

IC50 for 5-
lipoxigenase 
inhibition 

A 17.33 ± 2.20a 0.27 ± 0.16 b 36.20 ± 4.90b 3.04 ± 1.08b 

B 17.02 ± 2.91a 47.57 ± 5.33b >500a 12.50 ± 2.47a 

C 10.19 ± 3.47b 214.10 ± 16.43b >500a 60.14 ± 8.47a 

D 37.48 ± 4.48a 53.53 ± 5.69b >500a 29.75 ± 7.74a 

E 42.94 ± 4.75a >500b 259.90 ± 22.31b 7.84 ± 2.52b 

F 5.799 ± 0.79b 144.1 ± 8.12b 224.50 ± 14.11b 1.41 ± 0.74b 

G 7.34 ± 1.31b >500a >500a 2.83 ± 0.94b 

H 33.87 ± 5.01a >500a 342.9 ± 13.83b 34.75 ± 5.60a 

I 30.53 ± 3.80a 25.12 ± 2.38b >500a  22.64 ± 6.56a 

J 49.71 ± 5.95a >500a 129.6 ± 15.27b 1.54 ± 1.08b 

Baicalin 5.09 ± 1.65 12.47 ± 1.32 24.29 ± 3.14 2.09 ± 0.66 

a: significantly different to the standard at p˂0.05; b: non-significantly different to the standard at p˂0.05. 

A= Alchornea cordifolia, B= Aframomum melegueta, C= Aframomum melegueta peelings, D= Ficus benjamina, E= Landolphia hispida, F= Pentaclethra 
macrophylla, G= Musanga cecrepioides, H= Panda oleosa, I= Pseudospondias microcarpa, J= Uapaca staudtii 

4. Discussion 

Amongst all the plants selected in this study, Alchornea cordifolia and Pentaclethra macrophylla had the best antioxidant 
and anti-inflammatory activity. Generally, the antioxidant capacity of a biological material need to be evaluated by using 
more than one method in order to ensure the reliability of the different conclusion that will be taken at the end of the 
work [26]. The antioxidant potential of those ten wild fruits extracts were evaluated in this work using different 
methods (DPPH, ABTS and OH radical scavenging assays, ferric reducing antioxidant power assay and total antioxidant 
capacity determination). Firstly they were able to act against oxidative stress through the scavenging of some active 
radicals, such as the scavenging of OH radical that could limit some of its deleterious effects such as lipid membrane 
peroxidation and protein oxidation. Also DPPH and ABTS radical scavenging potential of the extracts demonstrate their 
ability to transfer and electron in order to stabilize those radicals [26,27] Moreover their ability to reduce ferric iron to 
its ferric state stands as a greater effect. In fact the ferrous iron is highly involved in the Fenton reaction that lead to the 
production of reactive oxygen species. Those results are similar to the one obtain with Codiaeum variegatum ethanolic 
extract that was able to inhibit lipid membrane peroxidation.[25, 28] This antioxidant and antiradical activity observed 
could be due to the presence of phenolic compounds contained in those extracts. Knowing that the antioxidant potential 
of those secondary metabolites is well establish, those activities could be correlated to their amount in those fruits 
extracts [25, 29]. At the end of this first part, assessed wild fruit extracts can be classify from the from the one having 
the highest antioxidant potential to the one having the lowest as follow: Alchornea cordifolia > Penthaclethra 
macrophylla > Aframomum melegueta peelings > Panda oleosa > Landolphia hispida >Ficus benjamina > Musanga 
cecrepioides > Pseudospondias microcarpa > Uapaca staudtii > Aframomum melegueta. 

The inflammatory response is one of the first reaction of the human body to and aggression [30]. Many cells are involved, 
amongst whom we have macrophages [31,32]. They are one of the most studied inflammatory cells due to their high 
implication in that inflammatory process. In order to mimic what exactly happens in the human body a primary culture 
of intra-peritoneal macrophage was used [20]. In presence of an antigen such as Saccharomycces cerevisiae, its antigen 
motives will be recognized by Toll-Like Receptors 2 (TLR-2) and will lead to the synthesis of many pro-inflammatory 
mediators [33]. First of all that recognition will conduct to the translocation of the nuclear factor NF-kB inside the 
nucleus were it will act at many levels [33, 34]. That factor will activate the expression of inductible nitric oxide synthase 
and lead to a synthesis of a high amount of a vasodilatative agent (nitric oxide) [35]. Alkaline phosphatse will be produce 
in order to repress the activation of NF-kB and to inactivate by dephosphorylation some antigen motives (LPS, 
flagellin…) [36]. Also NADPH oxidase will be synthesized (Fig. 1). This lysosomale enzyme involve in phagocytosis is 
responsible for the synthesis of reactive oxygen species that will contribute to the destruction of the pathogen. At the 
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same time phospholipase 2 will be activate and will produce the substrate for 5-Lipoxigenase. It’s this last enzyme that 
will produce a chemo-attractant agent (Leucotrien B4) that will permit attract other immune cells at the inflammatory 
site [37].  

All the fruits extract used in this work was at least non-toxic for macrophages cell in culture at a concentration below 
1000µg/ml as observed with the MTT cells cytotoxicity assay. The anti-inflammatory activity of those extracts was then 
evaluated at a maximum concentration of 100µg/ml. Firstly their ability to inhibit the synthesis of nitric oxide revealed 
that Pentaclethra macrophylla was more effective (5.799 ± 0.79 µg/ml) with non-significant difference with the 
reference compound. NO and superoxide anion are highly synthesized when macrophages are stimulated by a specific 
antigen. An excessive accumulation of those two agents may induce the formation of peroxynitrite (OONO-), and cause 
many inflammatory disorders. The inhibition of any molecular target involved in the NO pathway of inflammation such 
as ROS, iNOS, and NO itself could have potential to inhibit inflammatory responses. This prove its potential to limit 
dilatation due to this pro-inflammatory mediator [38, 39]. Alchornea cordifolia had the greatest capacity to activate 
alkaline phosphatase up to 200.80% of its normal activity at 100µg/ml. That could be necessary to limit some pro-
inflammatory mediators synthesis through the dephosphorylation of antigen motives [36]. NADPH oxidase activity was 
highly reduced by Alchornea cordifolia’s extracts up to 42.05% of the initial activity at 100µg/ml. This result suggest 
that this fruit extract is able of to modulate the phagocytosis through the reducing of reactive oxygen species synthesis 
by NADPH oxidase (Nox-2) [40]. Pentaclethra macrophylla’s extract has inhibit more effectively the activity of 5-
lipoxygenase up to 17.43 % of the normal activity at 100µg/ml. This shows its ability to prevent an uncontrolled 
recruitment of immune cells at the inflammatory site due to the inhibition of the synthesis of the chemo-attractant 
mediator responsible for that [37, 41]. Moreover the anthocyanins level observed could be a great marker for the 
potential of those extract to treat and prevent inflammatory related diseases such as inflammatory bowel disease. 
Because it has already been demonstrated that anthocyanins can act at many level of the physiopathology of these 
disease in order to contribute to its management [42]. At the end of this second part, assessed wild fruit extracts can be 
classify from the from the one having the highest anti-inflammatory potential to the one having the lowest as follow: 
Penthaclethra macrophylla >Alchornea cordifolia > Aframomum melegueta > Panda oleosa> Musanga cecrepioides > 
Uapaca staudtii> Landolphia hispida> Ficus benjamina > Aframomum melegueta peelings > Pseudospondias microcarpa. 

Abbreviations:  

 ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 

 COX-2: Cyclo-oxigenase-2 

 DMEM: Dulbecco's Modified Eagle Medium 

 DPPH: 2,2-diphenyl-1-picryl hydrazyl  

 EC50: Efficiency concentration 50 

 FRAP: Ferric reducing antixidant power 

 IC50: Inhibitory concentration 50 

 IL: Interleukine 

 iNOS: inducible nitric oxide synthase 

 LTB4: Leucothrien B4 

 MTT: 3(4,5-dimethylthiazol-2-yl)-2,3diphenyletrazolium 

 NADPH: reduced nicotinamide adenine dinucleotide phosphate 

 NF-kB: Nuclear Factor-kappa B 

 NO: Nitric Oxide 

 PGE2: Prostaglandine E2 

 RNOs: reactive nitrogen oxide species 

 SC: Saccharomycces cerevisiae 

 TLR: Toll-liked Receptor 

 TNF-α: Tumor Necrosis Factor alpha 

 5-LOX: 5-lipoxigenase  
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5. Conclusion 

All the results obtained in this work effectively confirm the anti-inflammatory potential of those different fruits extracts 
through the inhibition of some key pro-inflammatory mediators and enzymes (nitric oxide, NADPH oxidase, and 5-
Lipoxigenase); and the activation of an anti-inflammatory enzyme (alkaline phosphatase). Also the antioxidant potential 
was proved through the scavenging of some deleterious radicals (DPPH, ABTS and OH), the reduction of ferric iron, the 
total antioxidant capacity determination and the total phenolic, flavonoids, anthocyanins compounds and vitamin C 
assessment. So the final classification is the following one: Penthaclethra macrophylla >Alchornea cordifolia > Panda 
oleosa > Musanga cecrepioides > Landolphia hispida > Ficus benjamina > Aframomum melegueta peelings > Uapaca 
staudtii > Pseudospondias microcarpa > Aframomum melegueta. All this activities may be relevant for the use of the most 
actives amongst these fruits as nutraceutic for the management of inflammatory related diseases. 
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