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ABSTRACT

Objectives: Rheumatoid arthritis (RA) is a chronic inflammatory disease affecting the joints, with symptoms such as edema, pain, and joint deformities. 
This study aimed to evaluate the effect of the aqueous extract of the leaves of Annona senegalensis on arthritis in rats.

Methods: Arthritis was induced by injecting 0.1 mL of Complete Freund’s Adjuvant (CFA) into the left hind paw of the rats. The extract was administered 
orally at daily doses of 40, 100, and 200 mg/kg body weight. Assessments included paw edema volume, joint structure, oxidative stress markers, and the 
activity of major antioxidant enzymes. Preliminary phytochemical analysis showed significant levels of polyphenols (224.71±8.42 mg EAG/g extract), 
flavonoids (26.16±2.09 mg EQ/g extract), and tannins (107.06±5.19 mg EAT/g). The extract significantly reduced paw edema volume (p<0.001), with 
inhibition rates reaching up to 44.74%. Biochemical analyses showed a reduction in oxidative stress, indicated by decreased malondialdehyde levels 
and increased activities of antioxidant enzymes, particularly superoxide dismutase and catalase. Histological examination of paw tissue from treated 
and control animals showed improved joint architecture following extract administration.

Conclusion: A. senegalensis exhibits significant anti-arthritic potential, supporting its use as a promising therapeutic agent for the management of RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune inflammatory disease 
with a prevalence estimated at 1% of the world’s population [1]. It is 
characterized by systemic inflammation of joints, affecting the cartilage 
and bone around the joints. In severe cases, it can result in significant 
destruction of bone and cartilage [2,3]. RA can likewise affect different 
segments of the body in like manner joints and even delivers diffuse 
disease or irritation in the lungs, pericardium, pleura, and sclera, nodular 
sores, and in subcutaneous tissue [4]. The focal point in the treatment of 
RA is pain reduction, reduction of inflammation, and damage to joints [5]. 
Conventional synthetic anti-inflammatory drugs used in managing RA 
often show limited efficacy and are associated with long-term adverse 
effects [6]. This situation has stimulated interest in exploring alternative 
treatments based on medicinal plants, which are known for their 
tolerability and ability to act on multiple biological targets [7].

Annona senegalensis is a medicinal plant widely used in various regions 
of the world to treat multiple conditions, including joint pain and 
inflammation. It has been reported to possess antioxidant, antimicrobial, 
antidiarrheal, anti-inflammatory, antiparasitic, anticonvulsant, 
antimalarial, and antinociceptive properties [8]. The Complete Freund’s 
Adjuvant (CFA)-induced arthritis model is commonly employed to 
simulate the characteristics of human arthritis, such as joint edema, 
oxidative stress, and alterations in the antioxidative system [9]. This 
model is linked to a significant increase in oxidative stress, contributing 
to cartilage destruction and the progression of inflammation [10].

This study aimed to evaluate the effect of the aqueous extract of the 
leaves of A. senegalensis (AEAS) on CFA-induced arthritis in rats through 
analysis of clinical, biochemical, and histopathological parameters.

METHODS

Plant material
The leaves of A. senegalensis were collected during the winter season in the 
Hauts-Bassins region (11°9’53.7”N, 04°18’18.6”W), situated more than 
300 km from Ouagadougou, the capital of Burkina Faso. They were stored 
in plastic bags and transported to the Laboratory of Animal Physiology 
at Université Joseph KI-ZERBO (Ouagadougou), where they were washed 
and dried in a ventilated area. Botanical identification was conducted 
at the Department of Plant Biology and Ecology of the same university, 
where a sample was deposited under the identification number 18049.

Animal material
Male and Female Wistar rats weighing an average of 132.5  g from 
Université Joseph KI ZERBO were used. They were housed under 
standard laboratory conditions (22±3°C, relative humidity 50±10%, 
12-h light/dark cycle) and had free access to food and water. All animal 
experiments were conducted by the Animals (Scientific Procedures) 
Act 1986 and the European Directive 2010/63/EU on the protection of 
animals used for scientific purposes. The study also complied with the 
ARRIVE 2.0 guidelines [11].

Preparation of the aqueous extract
The cleaned and dried leaves of A. senegalensis were ground into a fine 
powder. One hundred grams (100  g) of the powder were macerated 
in 1000  mL of distilled water for 24  h. The filtrate was centrifuged 
at 2000  rpm for 10  min. The supernatant was frozen at −23°C and 
subsequently lyophilized at 25°C for 24 h. The AEAS was obtained and 
stored in an airtight container. The extraction yield was 24.23%. It was 

calculated using the following formula: mass of extract obtained
initial powder mass
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Quantitative phytochemical assays
Total polyphenols were measured using the colorimetric method 
with Folin–Ciocalteu reagent, as described by George et al. [12]. The 
flavonoid content of the extract was measured using the aluminum 
chloride (AlCl3) method outlined by Lamien-Meda et al. [13]. Tannin 
levels in the extract were quantified following the method described by 
Sombie et al. [14].

Anti-arthritic activity of AEAS on CFA-induced arthritis
The methods described by Pearson and Wood [15] and Fotio et al. [16] 
were used to assess the effect of EAAS on chronic inflammation induced 
by CFA. Inflammation was induced in twenty-five (25) male and female 
rats by injection of 0.1 mL CFA into the subplantar surface of the hind 
paw of the rat. Rats were divided into five groups of 5 animals each. 
Group  I received orally distilled water (10  mL/kg) and served as the 
control; group II received prednisolone (5 mg/kg); and groups III, IV, 
and V received the aqueous extract at doses of 40, 100, and 200 mg/kg, 
respectively. Treatment with extract and prednisolone began on day 9 
after induction and was orally for 12  days. A  further group of 5 rats 
served as a normal control and received neither inflammation induction 
nor treatment. Inflamed joint volume was measured before injection of 
the adjuvant (Vo) and on day 9, then every 3 days until day 21, using 
the UGO BASILE plethysmometer. At the end of the experiment, the 
animals were anesthetized by ether inhalation and then sacrificed. 
Blood was collected for complete blood count and serological analysis. 
Liver, kidneys, and spleen were collected for analysis of tissue oxidative 
stress parameters. Three inflamed joints were harvested per group and 
fixed in formalin (10%) for histological sections.

Biochemical and tissue oxidative stress parameters analysis
Blood collected in dry tubes was centrifuged at 3000  rpm for 
15 min. The resulting serum was used to measure levels of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alkaline 
phosphatase (ALP), total bilirubin, triglycerides, creatinine, and 
urea using colorimetric kits (Atlas Medical, UK), according to the 
manufacturer’s instructions.

The liver, kidneys, and spleen were homogenized for oxidative Stress 
analysis. Malondialdehyde (MDA) levels were determined according to 
Lefevre et al. [17]. Catalase (CAT) activity was measured using Sinha’s 
colorimetric method [18]. Superoxide dismutase (SOD) activity was 
evaluated following the method of Misra and Fridovich [19].

Histopathological analysis
Excised hind paws were fixed in 10% formalin for 1  week, then 
decalcified using 15% nitric acid. They were dehydrated in a graded 
ethanol series, cleared in xylene (1  h and 1.5  h), and embedded in 
paraffin. Histological sections were obtained and mounted on glass 
slides, stained with hematoxylin and eosin, and examined under a light 
microscope for morphological assessment.

Statistical analysis
Data were entered using Microsoft Excel 2016 and used to calculate 
joint volume differences and inflammation inhibition percentages. 
Results are expressed as mean ± standard error of the mean. Statistical 
analyses and graph generation were performed using GraphPad Prism 
version 8.3.4. One-way analysis of variance followed by Tukey’s multiple 
comparison post hoc test was used to determine statistical significance. 
A p<0.05 was considered statistically significant.

RESULTS

Quantitative phytochemical analysis
Table 1 shows the estimated contents of total phenols, total flavonoids, 
and tannins in the extract. The contents were expressed per gram of 
dry extract and are 224.71±8.42  mg EAG/g for total polyphenols, 
26.16±2.09  mg EQ/g for flavonoids, and 107.06±5.19  mg EAT/g for 
tannins.

Effect of EAAS on paw edema
Subplantar injection of 0.1 mL of CFA into the right hind paw induced 
paw edema in rats, reaching a peak volume of 0.91±0.08 mL on day 15 
post-induction. Treatment with EAAS at a dose of 200 mg/kg resulted 
in a significant (p<0.001) reduction in paw volume throughout the 
experimental period, with a maximum inhibition of 44.74% observed 
on day 18. At doses of 100 and 40  mg/kg, EAAS also significantly 
(p<0.01) reduced paw edema on day 15, with maximum inhibition 
percentages of 29.48% and 21.76%, respectively. The reference 
drug, prednisolone (5 mg/kg), exhibited the highest anti-inflammatory 
effect with a maximum inhibition of 68.05% recorded on day 21 
(Table 2).

Effects of the AEAS on hematological parameters
Table  3 shows the effects of the AEAS on selected hematological 
parameters. A  significant increase in white blood cell (WBC) count 
(p<0.01) was observed in rats treated with CFA alone (negative control 
group) compared to the normal control group. However, a significant 
decrease (p<0.001) in hemoglobin concentration, red blood cell (RBC) 
count, and platelet count was observed in the same animals compared 
to the normal control. Treatment with AEAS at doses of 200 and 
100  mg/kg significantly reduced (p<0.01) the elevated WBC counts 
compared to the negative control group. At the same doses, the extract 
significantly increased RBC count, hemoglobin concentration (p<0.01), 
and platelet count (p<0.001 and p<0.05, respectively) compared to the 
control.

Effects of the AEAS on hepatic and renal biomarkers
Figs. 1 and 2 show the effects of the AEAS on hepatic and renal function 
biomarkers. A  significant increase in serum levels (ALT; p<0.001), 
bilirubin (p<0.05), creatinine, and urea (p<0.001) was observed in 
CFA-treated rats compared to the normal control group. However, 
the levels of AST and ALP did not show significant changes (p>0.05) 
relative to the normal control. Treatment with EAAS at doses of 200 
and 100 mg/kg led to a significant reduction in ALT levels (p<0.05 and 
p<0.01, respectively) compared to the CFA control group. The same 
doses also significantly reduced urea concentrations (p<0.01 and 
p<0.05, respectively).

Effect of the AEAS on oxidative stress parameters
The effects of AEAS on MDA concentrations, SOD, and CAT activities are 
presented in Table 4. These results show a significant increase (p<0.001) 
in MDA concentration in the liver, kidneys, and spleen of rats treated 
with CFA alone compared to the normal control. Conversely, SOD and 
CAT activities were significantly decreased (p<0.001) in these organs 
in rats treated with CFA alone compared to the normal control. The 
dose of 200 mg/kg extract produced a significant reduction (p<0.001) 
in MDA concentration, as did the doses of 100 and 40 mg/kg (p<0.01) 
compared to the negative control. CAT activity increased significantly 
(p<0.001) at all doses of the extract, as did SOD activity (p<0.001; 
p<0.01 and p<0.05 for doses of 200, 100, and 40 mg/kg, respectively) 
compared to the control.

Effect of AEAS on the histological structure of the rat ankle joint
Fig. 3 shows photographs of sections of the rat ankle joint. CFA induced 
WBC infiltration, joint space erosion, granuloma formation, and 
synovial pannus in rats. Rats treated with prednisolone 5 mg/kg and 
different doses of the extract showed protection of the joint structure 
with slight white cell infiltration, reduced erosion characterized by a 
decrease in joint space and synovial membrane thickening.

Table 1: Quantitative phytochemical

Phytochemical components Concentration (per g of dry extract)
Total polyphenols 224.71±8.42 mg GAE/g
Total tannins 107.06±5.19 mg TAE/g
Total flavonoids 26.16±2.09 mg QE/g
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Table 2: Effect of AEAS on CFA‑induced arthritis in rats

Day CFA (Control) Prednisolone (5 mg/kg) (%) AEAS (200 mg/kg) (%) AEAS (100 mg/kg) (%) AEAS (40 mg/kg) (%)
9 0.80±0.03 0.55±0.04 (31.66)*** 0.67±0.03 (15.67)** 0.70±0.05 (11.91) 0.72±0.07 (10.03)
12 0.84±0.06 0.41±0.02 (51.04)** 0.66±0.03 (21.66)* 0.68±0.05 (19.58)* 0.76±0.05 (10.09)
15 0.91±0.08 0.36±0.06 (60.61)*** 0.57±0.03 (37.74)** 0.64±0.03 (29.48)* 0.71±0.04 (21.76)*
18 0.86±0.06 0.34±0.05 (60.17)*** 0.48±0.03 (44.74)*** 0.62±0.02 (27.91)** 0.68±0.04 (20.93)*
21 0.78±0.04 0.25±0.11 (68.05)*** 0.46±0.02 (41.21)*** 0.59±0.02 (24.92)** 0.64±0.05 (18.53)**
The values are expressed as mean±standard error of the mean. The values in parentheses represent the mean percentage of inhibition; n=5, *p<0.05, **p<0.01, 
***p<0.001, significant differences compared to the control. EAAS: Aqueous extract of the leaves of Annona senegalensis, CFA: Complete Freund’s adjuvant

Table 3: Effects of the aqueous extract of the leaves of Annona senegalensis on selected hematological parameters

Parameter Control CFA Prednisolone 5 mg/kg AEAS 200 mg/kg AEAS 100 mg/kg AEAS 40 mg/kg
WBC (10≥/µL) 6.10±0.73 9.57±0.58** 6.02±0.51## 7.02±0.24# 7.24±0.18# 8.46±0.26
RBC (10⁶/µL) 9.47±0.11 7.90±0.16*** 9.04±0.11## 8.95±0.19# 8.83±0.18# 8.69±0.26
HGB (g/dL) 16.31±0.06 14.80±0.05*** 16.04±0.08## 15.73±0.13# 15.69±0.27# 15.40±0.20
PLT (10≥/µL) 912.67±44.86 770.00±39.8*** 974.67±17.70### 924.67±19.8### 843.67±31.8# 814.67±28.76
Data are expressed as mean±standard error of the mean; n=5. *p<0.05, **p<0.01, ***p<0.001: Significant differences compared to normal group. #p<0.05, ##p<0.01, 
###p<0.001: significant differences compared to control group (CFA). AEAS: Aqueous extract of the leaves of Annona senegalensis, CFA: Complete Freund’s adjuvant

Table 4: Effect of aqueous extract of the leaves of Annona senegalensis on oxidative stress parameters in liver, kidney, and spleen

Tissue Parameters Treatment (mg/kg)

DW CFA Pred 5 AEAS 200 AEAS 100 AEAS 40 
Liver SOD (U/mg protein) 4.05±2.02 1.47±3.23*** 3.68±2.24≠≠≠ 3.08±2.67≠≠ 2.77±2.91≠≠ 2.21±2.79

CAT (U/mg protein) 21.13±0.2 16.01±0.07*** 19.67±0.2≠≠≠ 18.01±0.31≠≠≠ 17.80±0.2≠≠≠ 18.72±0.23≠≠≠

MDA (mmol/L) 0.29±0.01 0.52±0.03*** 0.32±0.01≠≠≠ 0.35±0.02≠≠≠ 0.36±0.01≠≠≠ 0.43±0.01
Kidney SOD (U/mg protein) 2.41±0.4 0.44±0.2*** 2.17±0.06≠≠ 2.03±0.05≠ 1.18±0.13≠ 0.98±0.07

CAT (U/mg protein) 38.26±1.11 26.27±1.3*** 36.26±0.83≠≠≠ 33.02±0.33≠≠ 28.62±1.19 29.01±0.9
MDA (mmol/L) 0.39±0.004 0.55±0.01*** 0.46±0.003≠≠≠ 0.49±0.004≠ 0.53±0.02 0.52±0.009

Spleen SOD (U/mg protein) 6.74±0.22 3.21±0.16*** 6.51±0.27≠≠≠ 5.65±0.06≠≠≠ 5.08±0.18≠≠ 4.99±0.21≠

CAT (U/mg protein) 27.18±0.41 21.12±0.01*** 24.83±0.93≠≠ 24.72±0.71≠≠ 22.51±0.22 23.08±0.56
MDA (mmol/L) 0.62±0.01 0.78±0.02*** 0.63±0.01≠≠≠ 0.64±0.01≠≠≠ 0.66±0.02≠≠ 0.67±001≠≠

Values represent mean±standard error of the mean; n=5; *p<0.05, **p<0.01, ***p<0.001, significant differences from the normal control; ≠p<0.05, ≠≠p<0.01, ≠≠≠p<0.001, 
significant differences from CFA control group. EAAS: Aqueous extract of the leaves of Annona senegalensis, CFA: Complete Freund’s adjuvant, Pred: Prednisolone, 
ED: Distilled water, MDA: Malondialdehyde, SOD: Superoxide dismutase, CAT: Catalase

Fig. 1: Effects of aqueous extract from the leaves of Annona senegalensis on markers of liver function in rats
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DISCUSSION

Chronic inflammation induced by CFA is associated with arthritis 
and constitutes one of the most widely used experimental models 
for studying RA [20]. This model replicates the symptoms observed 
in human arthritis, including joint edema, lymphocyte infiltration, and 
cartilage degradation [21]. The CFA, composed of immunostimulants 
derived from bacterial constituents (Mycobacterium tuberculosis or 
inactivated butyricum), sensitizes immune cells, triggering the local release 
of chemotactic factors that attract leukocytes. The inflammatory process is 
characterized by the infiltration of immune cells (macrophages, neutrophils, 
T, B, and NK lymphocytes) into inflamed joints, leading to fibroblast 
proliferation, such as synoviocytes [22]. The infiltration of immune 
cells and synovial cell proliferation leads to the formation of an invasive 
inflammatory tissue, known as a pannus, which destroys cartilage and bone. 
Synoviocytes produce chemokines, matrix metalloproteinases (MMPs), 
prostaglandin E2, and cyclooxygenase-2, which amplify inflammation, 
hyperplasia, and destruction of cartilage and bone tissue [23].

Injection of 0.1  mL CFA into the plantar joint of rats induced edema 
that peaked on the 15th day of the experiment. The extract, as well as 
prednisolone (used as a reference drug), significantly reduced edema 
volume throughout the experiment. These findings suggest that the 
extract possesses anti-inflammatory properties and can modulate 
immune responses. The anti-inflammatory activity of the extract 

may be attributed to the presence of chemical compounds with anti-
inflammatory potential. Phytochemical assays showed the presence 
of polyphenols, flavonoids, and tannins at levels of 224.71±8.42  mg 
EAG/g, 26.16±2.09 mg EQ/g, and 107.06±5.19 mg EAT/g, respectively. 
These phytochemicals are known to possess therapeutic activity [24]. 
Nisar et al. [25] reported that certain phytochemical compounds such 
as polyphenols can suppress the expression of pro-inflammatory genes 
(interleukin [IL]-1A, IL-1B, tumor necrosis factor [TNF]) and upregulate 
the expression of anti-inflammatory genes such as IL10A and TGF-β1. 
Zhu et al. [26] demonstrated that kaempferol, a flavonoid, reduces pro-
inflammatory cytokines while increasing IL-10, an anti-inflammatory 
cytokine. Kaempferol decreases the release of pro-inflammatory 
cytokines by inhibiting the activation of nuclear factor Kappa B (NF-κB), 
a key regulator of inflammation [27]. Flavonoids can also act on signal 
transduction through protein kinases, inducing the expression of 
antioxidant and anti-inflammatory genes and inhibiting oxidative and 
inflammatory genes [28]. The phytochemical compounds in the extract 
may also prevent leukocyte immunoproliferation at the inflammatory 
site and exert immunostimulatory effects on inflammatory cells. Gallic 
acid (a tannin) and vanillic acid (a phenolic acid) may inhibit leukocyte 
migration by suppressing adhesion molecules in vascular endothelial 
cells through inhibitory modulation of IL-1, TNF-α, and NF-κB [29].

Hematological analysis revealed a significant increase in WBC 
count accompanied by a decrease in hemoglobin levels, RBCs, and 

Fig. 2: Effects of the aqueous extract of the leaves of Annona senegalensis on renal function markers in rats. Each bar represents the 
mean±standard error of the mean (n=5); *p<0.05; ***p<0.001 indicate a significant difference compared to the normal control group. 

≠p<0.05; ≠≠p<0.01 indicate a significant difference compared to the complete Freund’s adjuvant control group

Fig. 3: Sections of the rat ankle joint. (a) Normal control, (b) CFA control, (c) Prednisolone 5 mg/kg, (d-f) Animals treated 
with aqueous extract of the leaves of Annona senegalensis at doses of 200, 100, and 40 mg/kg, respectively, CT: Cartilage 

tissue, PAN: Pannus, JS: Joint space, LIN: Leukocyte infiltration, BM: Bone matrix, BD: Bone destruction, ISM: Inflamed synovial 
membrane, CFA: Complete Freund’s adjuvant

d
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circulating platelets in the CFA control group. The elevated levels of 
leukocytes indicate stimulation of immune defenses against invading 
pathogens [30]. The reduction in RBCs may be due to increased 
destruction and decreased synthesis [31]. Exposure of RBCs to 
harmful substances causes membrane lysis, hemolysis, and hemoglobin 
oxidation [32]. Platelets play a significant role in inflammation and 
immune response. They aggregate at the injury site and release cytokines 
and chemokines that attract neutrophils and monocytes [33]. They also 
adhere to WBCs to enhance their effects and form aggregates, leading 
to a decrease in circulating thrombocytes [34]. In animals treated with 
AEAS, these parameters showed notable improvement. At doses of 100 
and 200 mg/kg, a significant reduction in leukocyte count was observed, 
along with an increase in RBCs, hemoglobin levels, and platelet count 
compared to the negative control group. These results indicate a 
potential immunomodulatory effect of the extract, which may also 
stabilize RBC membranes. Kitadi et al. [35] also demonstrated that the 
aqueous extract of A. senegalensis significantly prevents RBC hemolysis.

Serum ALT and urea levels were significantly increased in CFA control 
group, reflecting hepatocellular damage and renal insufficiency in 
these rats [36]. This increase was significantly inhibited by the extract, 
indicating its hepatoprotective and nephroprotective activities. 
Flavonoids, saponins, sterols, and triterpenes are known for their 
liver and kidney protective properties [37]. The presence of these 
metabolites in the extract may explain the observed effects.

During arthritis development, excessive accumulation of neutrophils in 
the affected area promotes free radical production [38]. CFA induced 
a significant increase in MDA levels and a decrease in CAT and SOD 
activity in the liver, kidneys, and spleen. The extract significantly 
increased CAT and SOD activity and significantly decreased MDA levels 
compared to the CFA control group. These results show that our extract 
reduced the deleterious effects of ROS accumulation. Flavonoids can 
react with most free radicals capable of abstracting hydrogen from CH2 
groups between double bonds in polyunsaturated fatty acids, thereby 
effectively preventing lipid peroxidation. Several studies have shown 
that administration of polyphenol-rich extracts significantly increases 
CAT activity [39]. Histological analysis of the tibio-tarsal joint revealed 
severe synovial hyperplasia, massive leukocyte infiltration, cartilage 
degeneration, and synovial tissue thickening. Rats treated with A. 
senegalensis aqueous extract showed dose-dependent improvement 
in joint architecture, characterized by reduced severity of bone and 
cartilage destruction, decreased infiltration of inflammatory cells, and 
inhibition of cartilage and bone degradation. Our results demonstrate 
that A. senegalensis aqueous extract has anti-arthritic activity. Yoon 
et al. [40] showed that gallic acid, a natural polyphenolic acid, inhibits 
the expression of pro-inflammatory genes such as TNF-α, iNOS, ICAM-1, 
and MMPs in fibroblast-like synoviocytes of RA, thereby reducing 
inflammatory responses and slowing joint degradation and tissue 
damage progression. Gallic acid blocks pro-inflammatory signaling 
pathways (NF-κB, JAK/STAT, MAPK) and reduces the expression 
of tissue-degrading enzymes (MMPs), reducing inflammation and 
protecting tissues against damage caused by inflammation and 
oxidative stress in RA synoviocytes. Kaempferol, a flavonoid, inhibits the 
migration, invasion, and proliferation of fibroblast-like synoviocytes, 
which are key players in cartilage destruction. It also reduces TNF-α 
expression, thereby decreasing synovial inflammation [41,42].

CONCLUSION

The results obtained in this study demonstrate that the aqueous leaf 
extract of A. senegalensis exerts significant anti-arthritic activity in 
the CFA-induced arthritis model in rats. The extract significantly 
reduced paw edema, improved joint tissue architecture, and favorably 
modulated oxidative stress, as evidenced by decreased MDA levels and 
increased activities of SOD and CAT enzymes. The extract appears to 
act through a mechanism combining anti-inflammatory and antioxidant 
effects, attributable to the secondary metabolites it contains. Based on 
these findings, A. senegalensis could represent a potential alternative 

for the management of RA. However, further investigations are required 
to elucidate its molecular targets and better assess its efficacy.

ACKNOWLEDGEMENTS

The authors are grateful to all those who contributed to the success of 
this work, especially to the team of the Laboratory of Animal Physiology 
of Université Joseph KI-ZERBO.

AUTHORS CONTRIBUTIONS

All the authors have contributed equally from conceptualization to 
quality control of the document.

FUNDING

No grants or scholarships were received for the study.

CONFLICT OF INTEREST STATEMENT

We declare that we have no conflict of interest.

REFERENCES

1.	 Guillemin F, Saraux A, Guggenbuhl P, Roux CH, Fardellone P, Le 
Bihan E, et al. Prevalence of rheumatoid arthritis in France: 2001. Ann 
Rheum Dis. 2005;64(10):1427-30. doi: 10.1136/ard.2004.029199

2.	 Kaur A, Nain P, Nain J. Herbal plants used in treatment of rheumatoid 
arthritis: A review. Int J Pharm Pharm Sci. 2012;4(4), 44-57.

3.	 Firestein GS, McInnes IB. Immunopathogenesis of rheumatoid arthritis. 
Immunity. 2017;46(2):183-96. doi: 10.1016/j.immuni.2017.02.006

4.	 Kapoor K, Pandit V, Nagaich U. Development and characterization of 
sustained release methotrexate loaded cubosomes for topical delivery in 
rheumatoid arthritis. Int J Appl Pharm. 2020;12(3):33-9. doi: 10.22159/
ijap.2020v12i3.36863

5.	 Saheli D, Sharadha M, Venkatesh MP, Sahoo S, Tripathy DJ, Gowda DV. 
Formulation and evaluation of topical nanoemulgel of methotrexate for 
rheumatoid arthritis. Int J Appl Pharm. 2021;13:351-7. doi: 10.22159/
ijap.2021v13i5.41026

6.	 Rahmani S, Belboukhari N, Sekkoum K, Cheriti A. Evaluation de 
l’activité antiinflammatoire d’extraits aqueux de feuilles Limoniastrum 
feei (Plumbaginaceae). Alger J Arid Environ. 2016;6(1):80-6.

7.	 Guinobert I, Bardot V, Dubourdeaux M. De la plante aux effets 
biologiques de l’extrait: Quand la démarche scientifique éclaire 
les usages. Phytothérapie. 2019;17(3):149-155. doi: 10.3166/
phyto-2019-0132

8.	 Okhalé SE, Akpan E, Fatokun OT, Esievo KB, Kunle OF. Annona 
senegalensis persoon (Annonaceae): A  review of its ethnomedicinal 
uses, biological activities and phytocompounds. J  Pharmacogn 
Phytochem. 2016;5(2):211-9.

9.	 Yamada KI, Nakamura T, Utsumi H. Enhanced intraarticular free radical 
reactions in adjuvant arthritis rats. Free Radic Res. 2006;40(5):455-60. 
doi: 10.1080/10715760500440536

10.	 Luo S, Li H, Liu J, Xie X, Wan Z, Wang Y, et al. Andrographolide 
ameliorates oxidative stress, inflammation and histological outcome 
in complete Freund’s adjuvant-induced arthritis. Chem Biol Interact. 
2020;319:108984. doi: 10.1016/j.cbi.2020.108984

11.	 The ARRIVE Guidelines 2.0; 2024. Available from: https://
arriveguidelines.org/arrive-guidelines [Last accessed on 2024 Jun 16].

12.	 George S, Brat P, Alter P, Amiot MJ. Rapid determination of 
polyphenols and vitamin C in plant-derived products. J Agric Food 
Chem. 2005;53(5):1370-3. doi: 10.1021/jf048396b

13.	 Lamien-Meda A, Lamien CE, Compaoré MM, Meda RN, 
Kiendrebeogo M, Zeba B, et al. Polyphenol content and antioxidant 
activity of fourteen wild edible fruits from Burkina Faso. Molecules. 
2008;13(3):581-94. doi: 10.3390/molecules13030581

14.	 Sombie EN, Tibiri A, N’do JY, Traore TK, Ouedraogo N, Hilou A, et al. 
Ethnobotanical study and antioxidant activity of anti-hepatitis plants 
extracts of the Comoe province, Burkina Faso. Int J Biol Chem Sci. 
2018;12(3):1308-19. doi:10.4314/ijbcs.v12i3.19

15.	 Pearson CM, Wood FD. Studies of arthritis and other lesions induced in 
rats by the injection of mycobacterial adjuvant: VII. Pathologic details 
of the arthritis and spondylitis. Am J Pathol. 1963;42(1):73-95.

16.	 Fotio AL, Dimo T, Nguelefack TB, Dzeufiet PD, Ngo Lemba E, 
Temdie RJ, et al. Acute and chronic anti-inflammatory properties 
of the stem bark aqueous and methanol extracts of Sclerocarya 



197

Asian J Pharm Clin Res, Vol 18, Issue 10, 2025, 192-197
	 Koussoubé et al.

birrea (Anacardiaceae). Inflammopharmacology. 2009;17:229-37. 
doi: 10.1007/s10787-009-0011-2

17.	 Lefevre G, Beljean-Leymarie M, Beyerle F, Bonnefont-Rousselot D, 
Cristol JP, Therond P, et al. Evaluation of lipid peroxidation by 
measuring thiobarbituric acid reactive substances. Ann Biol Clin 
(Paris). 1998;56(3):305-19.

18.	 Sinha AK. Colorimetric assay of catalase. Anal Biochem. 
1972;47(2):389-94. doi: 10.1016/0003-2697(72)90132-7

19.	 Misra F, Fridovich I. Determination of the Level of Superoxide 
Dismutase in Whole Blood. New Haven: Yale University Press; 1972. 
p. 109.

20.	 Magari K, Miyata S, Ohkubo Y, Mutoh S. Inflammatory cytokine 
levels in paw tissues during development of rat collagen-induced 
arthritis: Effect of FK506, an inhibitor of T cell activation. Inflamm 
Res. 2004;53:469-74. doi: 10.1007/s00011-004-1284-y

21.	 Choudhary N, Bhatt LK, Prabhavalkar KS. Experimental animal 
models for rheumatoid arthritis. Immunopharmacol Immunotoxicol. 
2018;40(3):193-200. doi: 10.1080/08923973.2018.1434793

22.	 Polzer K, Baeten D, Soleiman A, Distler J, Gerlag DM, Tak PP, et al. 
Tumour necrosis factor blockade increases lymphangiogenesis in 
murine and human arthritic joints. Ann Rheum Dis. 2008;67(11):1610-6. 
doi: 10.1136/ard.2007.083394

23.	 Hammaker DR, Boyle DL, Inoue T, Firestein GS. Regulation of the 
JNK pathway by TGF-beta activated kinase 1 in rheumatoid arthritis 
synoviocytes. Arthritis Res Ther. 2007;9:1-9. doi: 10.1186/ar2215

24.	 Sadat A, Hore M, Chakraborty K, Roy S. Phytochemical analysis 
and antioxidant activity of methanolic extract of leaves of Corchorus 
olitorius. Int J Curr Pharm Res. 2017;9(5):59-63. doi:10.22159/
ijcpr.2017v9i5.22138

25.	 Nisar A, Jagtap S, Vyavahare S, Deshpande M, Harsulkar A, 
Ranjekar P, et al. Phytochemicals in the treatment of inflammation-
associated diseases: The journey from preclinical trials to clinical 
practice. Front Pharmacol. 2023;14:1177050. doi: 10.3389/
fphar.2023.1177050

26.	 Zhu J, Tang H, Zhang Z, Zhang Y, Qiu C, Zhang L, et al. Kaempferol 
slows intervertebral disc degeneration by modifying LPS-induced 
osteogenesis/adipogenesis imbalance and inflammation response 
in BMSCs. Int Immunopharmacol. 2017;43:236-42. doi: 10.1016/j.
intimp.2016.12.020

27.	 Tang XL, Liu JX, Dong W, Li P, Li L, Hou JC, et al. Protective effect of 
kaempferol on LPS plus ATP-induced inflammatory response in cardiac 
fibroblasts. Inflammation. 2015;38(1):94-101. doi: 10.1007/s10753-
014-0011-2

28.	 Stoclet JC, Schini-Kerth V. Flavonoïdes alimentaires et santé humaine. 
Ann Pharm Fr. 2011;69(2):78-90. doi: 10.1016/j.pharma.2010.11.004

29.	 Calixto-Campos C, Carvalho TT, Hohmann MS, Pinho-Ribeiro FA, 
Fattori V, Manchope MF, et al. Vanillic acid inhibits inflammatory 
pain by inhibiting neutrophil recruitment, oxidative stress, cytokine 
production, and NFκB activation in mice. J  Nat Prod. 2015;78(8): 
1799-808. doi: 10.1021/acs.jnatprod.5b00246

30.	 Banik B, Das S, Das MK. Medicinal plants with potent anti-
inflammatory and anti-arthritic properties found in Eastern parts of the 

Himalaya: An ethnomedicinal review. Pharmacogn Rev. 2020;14:28. 
doi: 10.5530/phrev.2020.14.16

31.	 Horiguchi N, Wang L, Mukhopadhyay P, Park O, Jeong WI, 
Lafdil F, et al. Cell type-dependent pro-and anti-inflammatory role 
of signal transducer and activator of transcription 3 in alcoholic 
liver injury. Gastroenterology. 2008;134(4):1148-58. doi: 10.1053/j.
gastro.2008.01.016

32.	 Feirrali M, Signormi C, Ciccolili L, Comporti M. Iron release and 
membrane damage in erythrocytes exposed to oxidizing agents, 
phenylhydrazine, devicene and iso-uranil. Biochem J. 1992;285(1): 
295-301. doi: 10.1042/bj2850295

33.	 Cloutier A. Caractérisation des Facteurs de Transcription 
Impliqués Dans l’Expression Génique de Cytokines Chez les 
Neutrophiles Humains [Thèse]. Ottawa: Library and Archives Canada; 
2010. p. 249.

34.	 Negrotto S, Jaquenod de Giusti C, Rivadeneyra L, Ure AE, Mena HA, 
Schattner M, et al. Platelets interact with Coxsackieviruses B and 
have a critical role in the pathogenesis of virus-induced myocarditis. 
J Thromb Haemost. 2015;13:271-8. doi: 10.1111/jth.12782

35.	 Kitadi JM, Inkoto CL, Lengbiye EM, Tshibangu DS, Tshilanda DD, 
Ngbolua KT, et al. Mineral content and antisickling activity of Annona 
senegalensis, Alchornea cordifolia and Vigna unguiculata used in the 
management of sickle cell disease in the Kwilu Province (Congo, DR). 
Int Blood Res Rev. 2020;11(3):18-27.

36.	 Fetoui H, Makni M, Garoui EM, Zeghal N. Toxic effects of lambda-
cyhalothrin, a synthetic pyrethroid pesticide, on the rat kidney: 
Involvement of oxidative stress and protective role of ascorbic acid. 
Exp Toxicol Pathol. 2010;62(6):593-9. doi: 10.1016/j.etp.2009.08.004

37.	 Germanò MP, D’Angelo V, Sanogo R, Morabito A, Pergolizzi S, De 
Pasquale R. Hepatoprotective activity of Trichilia roka on carbon 
tetrachloride-induced liver damage in rats. J  Pharm Pharmacol. 
2001;53(11):1569-74. doi: 10.1211/0022357011777954

38.	 Gutteridge JM, Halliwell B. Free radicals and antioxidants in 
the year 2000. A  historical look to the future. Ann N Y Acad Sci. 
2000;899(1):136-47. doi: 10.1111/j.1749-6632.2000.tb06182.x

39.	 Aouachria S, Boumerfeg S, Benslama A, Benbacha F, Guemmez T, 
Khennouf S, et al. Acute, sub-acute toxicity and antioxidant 
activities (in vitro and in vivo) of Reichardia picroide crude extract. 
J Ethnopharmacol. 2017;208:105-6. doi: 10.1016/j.jep.2017.06.028

40.	 Yoon CH, Chung SJ, Lee SW, Park YB, Lee SK, Park MC. L’acide 
gallique, acide polyphénolique naturel, induit l’apoptose et inhibe 
l’expression des gènes pro-inflammatoires dans les synoviocytes 
fibroblastiques de polyarthrite rhumatoïde. Rev Rhum. 2013;80(3):271-8. 
doi: 10.1016/j.rhum.2012.10.001

41.	 Lee HW, Lee JK, Lee S, Shin T, Khang D, Kim S, et al. Effect of 
perioperative systemic steroid treatment on patients with obstructive 
lung disease undergoing elective abdominal surgery. Clin Respir J. 
2016;6:227-33. doi: 10.1111/crj.12520

42.	 Pan D, Li N, Liu Y, Xu Q, Liu Q, You Y, et al. Kaempferol inhibits 
the migration and invasion of rheumatoid arthritis fibroblast-like 
synoviocytes by blocking activation of the MAPK pathway. Int 
Immunopharmacol. 2018;55:174-82. doi: 10.1016/j.intimp.2017.12.011


