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Phytochemical study and evaluation of anti-inflammatory properties of aqueous extract of Picralima nitida (Apocynaceae) seeds in Wistar rats

[bookmark: _Hlk210083452] ABSTRACT	
Aim : The aim of this study was to evaluate the anti-inflammatory effect of Picralima nitida (apocynaceae) seeds, a plant widely used in traditional African medicine for the treatment of various pathologies.
[bookmark: _Hlk208960081]Methods : The aqueous extract of Picralima nitida seeds (EAPn) obtained by the decoction method was used for toxicological, photochemical and pharmacological tests. The acute oral toxicity study was carried out by administering 1 ml of a single dose of 300, 2000 and 5000 mg/kg body weight of EAPn to three batches of mice, in accordance with the guidelines of the Organisation for Economic Co-operation and Development. Qualitative phytochemical screening was carried out in accordance with the techniques described in the work of Emina et al. Using the method of Winter et al., the anti-inflammatory activity of EAPn was tested using 24 wistar rats. Edema was induced by injection of 1% carrageenan under the plantar pad of the rats' right hind leg. 300 mg/kg BW. of EAPn and 10 mg/kg BW. of indomethacin (INDOCID) were administered by gavage to the test batches, while the control batch received distilled water. 
Results: In the presence of EAPn and indomethacin, treated batches showed a significant (p < 0.05) decrease in mean paw edema compared with the control group from 1st to 6th hour. At 4ᵉ hours, inflammation inhibition rates were 94.5 ± 0.33% and 78 ± 1% (p < 0.001) respectively for indomethacin and EAPn. EAPn thus showed anti-inflammatory effects similar to those of indomethacin. Oral administration of EAPn at a single high dose of 5000 mg/kg BW produced no mortality in mice during the 14-day observation period. We deduce that the lethal dose of EAPn is greater than 5000 mg/kg BW. The extract is therefore considered non-toxic by the oral route. Qualitative phytochemical screening of the aqueous extract revealed the presence of several chemical groups with therapeutic potential, including flavonoids, saponosides, alkaloids and tannins.
Conclusion : the chemical groups present in EAPn could be responsible for the anti-inflammatory effects observed. This study offers an accessible and sustainable alternative for the management of inflammatory diseases. 
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1.INTRODUCTION 

[bookmark: _Hlk210234579][bookmark: _Hlk208961252]Accordingto the WHO, non-communicable diseases, which include many chronic inflammatory diseases, are the leading cause of death worldwide. In 2021, they caused 43 million deaths, accounting for 75% of non-pandemic deaths, including 18 million mainly in low-and middle-income countries. Atherosclerosis, a chronic inflammatory disease of the vessel intima, is the leading cause of death and disability in developed countries (Alexey Pshezhetsky, 2021). Inflammatory diseases, which encompass fever and pain, are highly diverse and generally progress to chronicity in the absence of comprehensive and effective treatment. Faced with these diseases, patients in developing countries, for economic reasons, combine herbal and pharmaceutical treatments in the hope of achieving a cure (Singh et al., 2012). Medicinal plants continue to meet an important need despite the growing influence of the modern health system (Elqaj et al. 2007, Diop et al. 2019, Guelé et al. 2021).  Thus, in West Africa, as in the rest of the continent, over 80% of the population relies on traditional medicine and medicinal plants for their primary healthcare (Kambale et al. 2016). Traditional medicine has become a global phenomenon, with demand on the rise as patients seek greater control over and ownership of their health and well-being, and more personalized, caring healthcare (WHO, 2023). Hence the need for research and development of phytomedicines accessible to all. The African continent, particularly Côte d'Ivoire, boasts exceptional biodiversity, rich in medicinal plants that hold great promise for the development of innovative therapeutic agents. Among them, Picralima nitida from the Apocynaceae family stands out for its many virtues recognized in traditional medicine (Akabassa et al.2017, Tsobou et al. 2023). With this in mind, we set out to study the anti-inflammatory effects of EAPn, as part of an approach aimed at strengthening the resilience of populations to inflammatory diseases.
2. MATERIALS AND METHODS
2.1. Materials 
2.1.1. Plant material
The plant material consists of Picralima nitida seeds that were harvested in July 2019 in Abrotchi, a village located in the department of Alépé (eastern region, Ivory Coast). The identification of this plant species was confirmed by the Herbarium of the National Center for Floristics at Félix Houphouët-Boigny University (Abidjan, Ivory Coast) under reference number UCJ 002135.
2.1.2. Animal material
Mus musculus mice of the Swiss strain, weighing between 20 and 30 g, were used for the acute toxicity study, while Rattus norvegicus rats of the Wistar strain, weighing between 140 and 200 g, were used for the inflammation protocols. These animals came from the vivarium of the Ecole Nationale Supérieure (ENS, Abidjan) and were kept at room temperature (28 ± 3°C) with free access to food and water.
2.1.3. Chemicals and physiological solutions
· [bookmark: _Hlk210081490]Chemicals : in addition to distilled water, some compounds were used. These are indomethacin (INDOCID : FROSST IBERICA S.A., Madrid, Spain), is a nosteroidal ainti-inflammatory drug (used to relieve inflammation and carrageenan edema in the paws of rats ; and carrageenan (CARRAGEENAN : WAKO Pure Chemical Industries, Ltd., Japan) used to induce paw edema in rats.
· Physiological solution : a 0,9 % NaCl solution, prepared from 4.5 g of NaCl dissolved in 500 ml of distilled water, was used.
2.2. Methods
2.2.1. Preparation of the aqueous extract of Picralima nitida seeds
Picralima nitida (Apocynaceae) seeds, extracted from the fruit and dried at 17–22°C, were ground into powder. 200 g of powder were boiled for 15 minutes in 2 liters of distilled water, filtered successively through cotton wool and then Whatman No. 3 paper, then dried at 60°C for 5 days, resulting in a water-soluble aqueous seed extract (EAPn). This powder was then stored in an airtight bottle away from light and moisture until use.
2.2.2. Acute oral toxicity study
 The toxicity study was conducted after oral administration of EAPn to 12 female mice divided into 4 groups of 3, weighing between 20 g and 30 g, in accordance with OECD 423 (OECD, 2001). For the initial dose, one level was chosen from the following four predefined doses : 5, 50, 300, and 2000 mg/kg BW. The level chosen is that at which mortality can be expected among some of the treated animals. The dose of 300 mg/kg BW was selected. Two groups of mice received 300 and 2000 mg/kg BW of EAPn. The control group received 1 mL of distilled water. Exceptionally, an additional predetermined maximum dose of 5000 mg/kg BW was administered to another group of animals for exploratory purposes, to assess potential toxicity at very high doses. 
The animals were fasted for 4 hours prior to administration of the substance, but had free access to water. After the fasting period, the animals were weighed and each mouse received a single dose of 1 ml of the extract, measured in mg/kg body weight (mg/kg BW).
The mice in the control group were also given 1 ml of distilled water each. After administration of the extract, the mice were again deprived of food for one to two hours so that their behavior during this time interval could be closely observed. 
The animals were observed individually for the first 4 hours and daily for 14 days after treatment. Particular attention was paid to synoptic signs of toxicity such as tremors, convulsions, salivation, diarrhea, lethargy, sleep, and coma. The weight of each animal was measured once a week for two weeks. Based on the mortality observed after administration of a given dose of the extract, the median lethal dose (LD₅₀) was determined. 

2.2.3. Phytochemical study of EAPn
[bookmark: _Hlk210234534]This study revealed several chemical groups present in the aqueous extract of Picralima nitida seeds that are of pharmacological interest. he detection of chemical compounds is based on the principle of specific chemical reactions. These tests were carried out using the analytical techniques described in the works of Mea et al. (2017) and Emina et al. (2024).
Sterols and polyterpenes were detected using the Liberman-Burchard reaction. Polyphenols were detected using the ferric chloride reaction. Flavonoids were detected using the cyanidin reaction. Tannins were detected using the Stiasny reagent. Alkaloids were characterized using two reagents: Dragendorff's reagent (potassium iodobismuthate reagent) and Bouchardat's reagent (iodo-iodide reagent). Saponins were detected using the foam test. Borntraeger's reagent was used to detect quinone substances. Cardiotonic glycosides were detected using the Baljet test.
2.2.4. Anti-inflammatory activity of the aqueous extract of Picralima nitida seeds
This study was conducted according to the method described by Winter et al. (1962). Injection of carrageenan under the plantar pad of the right hind paw of rats causes an inflammatory reaction that can be reduced by anti-inflammatory substances.
The rats were divided into 3 groups of 8. The animals were weighed and fasted for 16 hours prior to the experiment. For each rat, the circumference of the right hind paw was measured.
EAPn and indomethacin were dissolved in distilled water and administered to rats by gavage (orally) at a dose of 1 ml per 100 g of body weight. Oral administration was performed using a rigid olive-tip probe.
•    Group 1 (control) : Animals given distilled water. 
•    Group 2 :  Animals treated with 300 mg/kg body weight of EAPn 
•    Group 3 : Animals treated with 10 mg/kg body weight of indomethacin (INDOCID).
Carrageenan was dissolved in 0,9 % NaCl. One hour after gavage, each rat was injected with 0.05 ml of the 1 % carrageenan solution under the pad of the right hind paw. The progression of edema was determined at 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, and 6 hours after injection. To assess anti-inflammatory activity, the transmetatarsal diameter of the ankle and the circumference of the paw at the metatarsal level (lacet) were determined using a STAINLESS HARDENED (France) electronic caliper. The percentage of edema inhibition was calculated using the formula developed by Nongoniermar et al. (2006):






C= Percentage (%) increase in the average circumference of the edematous leg of the control group (batch 1 at a given time). 
C1= Percentage (%) increase in the average circumference of the edematous leg of the test group at the same time.
2.2.5. Statistical Analysis
Statistical analyses of the values were performed using GraphPad Prism version 7 software (San Diego, California, USA). The statistical difference between the results was determined using analysis of variance (ANOVA), followed by Tukey-Kramer's multiple comparison test, with a significance threshold of P < 0.05. All values are presented as mean ± SEM (standard error of the mean).
3. RESULTS AND DISCUSSION
[bookmark: _Hlk209186743]3.1. Results
3.1.1. Acute oral toxicity study
The administration of Picralima nitida seed aqueous extract (EAPn) at a dose of 2000 mg/kg BW to mice via gavage had no effect on their behavior. However, administration of the 5000 mg/kg BW dose to mice caused a decrease in motor activity, causing them to huddle in a corner of the cage for 30 minutes, after which their behavior returned to normal. No mice mortality was observed for the 2000 mg/kg BW dose or the 5000 mg/kg BW dose during the 14-day observation period (Table 1). The median lethal dose (LD50) is therefore greater than 5000 mg/kg BW.

Table1 : Percentage mortality of mice according to the dose of aqueous extract of Picralima
nitida seeds


	Batches

	Dose of EAPn administered
(mg/kg BW)
	Number of mice tested

	Percentage of deaths
(%)


	1
	Control (distilled water)
	              3
	0

	2
	300
	              3
	0

	3
	2000
	              3
	0

	4
	5000
	              3
	0



3.1.2. Phytochemical study of the aqueous extract of Picralima nitida seeds 
The qualitative phytochemical analysis, presented in Table 2 and performed on the aqueous extract of Picralima nitida seeds, shows the presence of sterols and polyterpenes, polyphenols, flavonoids, catechin tannins, alkaloids, and saponosides. However, EAPn does not contain gallic tannins or quinone compounds.





Table 2 : Chemical composition of the aqueous extract of Picralima nitida seeds 

	Compounds sought	
	Results

	Sterols and polyterpenes
	+

	Polyphénols
	+

	Flavonoids
	+

	Saponosides
	+

	Quinone compounds
	̶

	Alkaloids
	+

	Catechic tannins

 Gallic tannins
	+

̶


The (+) sign means presence. The (-) sign means absence



3.1.3. Effects of aqueous extract of Picralima nitida seeds and indomethacin on inflammation
Table 3 illustrates the progression of edema induced by an injection of 1 % carrageenan into the right plantar pad of rats. In the control group that received distilled water, the circumference of the paw increased from 13.13 ± 0.522 mm to 16.86 ± 0.86 mm after 1 hour, reaching a maximum of 27.58 ± 1.56 mm at 4 hours, then decreased to 24.09 ± 0.58 mm at the 6th hour. In contrast, in rats treated orally with indomethacin at 10 mg/kg BW or with EAPn at 300 mg/kg BW, a significant reduction in edema was observed, with a maximum at 4 hours of 12.9 ± 0.47 mm and 13.69 ± 0.14 mm, respectively. 



At the 4th hour, inflammation inhibition rates were 94.5 ± 0.33 % for indomethacin and 78 ± 1 % for EAPn. The reference inhibitor, indomethacin, showed greater efficacy than Picralima nitida extract.
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Table 3 : Effect of indomethacin and aqueous extract of Picralima nitida on the increase incircumference of carrageenan-induced paw edema in rats


	
Change in leg circumference (mm)

	
	Before
Treatment
	After Treatment

	

	
	1h
	2h
	3h
	4h
	5h
	6h

	    Control
(Distilled water)

	
13,13 ± 0,522
	
16,86 ± 0,86
	
19,06 ± 1,19
	
24,95 ± 1,26
	
27,58 ± 1,56
	
24,62 ± 0,59
	
24,09 ± 0,58

	Indomethacin 
(10 mg/kg BW)
	
12,83 ± 0,48
	
14,36 ± 0,63 *
	
14,36 ± 0,34 **
	
13,21 ± 0,22 ***
	
12,9 ± 0,47 ***
	
14,73 ± 0,17 ***
	
13,36 ± 0,35 ***

	     EAPn  
(300 mg/kg BW)
	
12,88 ± 0,25
	
13,96 ± 0,54 *
	
14,37 ± 0,29 **
	
14,24 ± 0,12 ***
	
13,69 ± 0,14 ***
	
14,32± 0,08 ***
	
13,48 ± 0,29 ***



Values represent the mean ± SEM ; n = 8 for each group * p < 0.05; **p < 0.01; ***p < 0.001 compared to the control group. Indomethacin at 10 mg/kg BW and EAPn at 300 mg/kg BW reduce carrageenan-induced edema in the rat paw.

3.2. Discussion
[bookmark: _Hlk210234470][bookmark: _Hlk207089627]A study of the acute toxicity of picralima nitida aqueous seed extract in female mice enabled us to estimate the 50% lethal dose (LD50) according to OECD-423 (OECD, 2001). The results showed that administration of EAPn at a single dose of 2000 mg/kg BW and exceptionally at 5000 mg/kg BW by the oral route did not cause any lethality in these animals during 14 days of observation. According to the OCED 423 Globally Harmonized System of Classification (GHS), EAPn is non-toxic by the oral route. The absence of toxicity by gavage with EAPn is also observed with other plants of the traditional African pharmacopoeia such as Mitragyna inennis (Rubiaceae) leaves by Oussou et al. (2016) and Kigelia africana (Lam.) by Iwaka et al. (2022). Qualitative phytochemical screening revealed that the aqueous extract of Picralima nitida (Apocynaceae) seeds contains sterols, polyterpenes, polyphenols, flavonoids, alkaloids, catechic tannins and saponosides. These results corroborate those of Tsobou et al. 2023, who also demonstrated the presence of alkaloids, saponins and tannins in an aqueous extract of the same plant. This same group of compounds is also found in many plants used in traditional medicine, such as Daniellia oliveri (Soro, 2022) and Tabernaemontana inconpiscua (Ngah et al. 2023). However, N'Dri et al (2015) found a different approach. They revealed the absence of polyphenols, tannins and flavonoids in the aqueous extract of Picralima nitida seeds. These discrepancies could be explained by factors such as extraction conditions the geographical or genetic origin of the plants, the maturity stage of the seeds, as well as the sensitivity of the analytical techniques employed. Haifaa et al (2024) and Coulibaly et al (2025) find that the phytochemical compounds identified could explain the anti-inflammatory effects attributed to Picralima nitida. The pharmacological study revealed that EAPn at 300 mg/kg P.C. significantly reduced carrageenan-induced oedema of the rat paw. The edema-inhibiting effects are similar to those of indomethacin at 10 mg/kg BW. Injection of carrageenan provokes an inflammatory reaction due to the release of histamine and serotonin, which are involved in vessel vasodilatation, plasma transudation and edema formation, known as the initial or early phase and taking place between the first and second hour (Sene et al. 2024).
[bookmark: _Hlk210228638]Bradykinin released during the second phase is responsible for the increase in vascular permeability and prostaglandin biosynthesis that takes place beyond the third hour or late phase. The latter, associated with leukocytes migrate into the inflamed zone for the production of pro-inflammatory factors such as cyclooxygenase 2 (COX2) and interleukin 1 beta (IL 1β) hence the peak at the fourth hour (Saini and Singha, 2012). EAPn is thought to exert anti-inflammatory effects by inhibiting Syk phosphorylation in the NF κB pathway and reducing IL 1β and COX2 proliferation (Yan et al. 2024). EAPn's anti-inflammatory properties may be due in part to the presence of flavonoids and saponosides. Indeed, flavonoids and saponosides have an anti-inflammatory effect because they can modulate inflammatory processes in the body, notably by inhibiting arachidonic acid via the enzymes cyclooxygenase and lipoxygenase, and by reducing inflammatory cytokines. They thus contribute to the prevention and treatment of chronic inflammatory diseases (Emina et al. 2024). These chemical compounds are found in numerous plants including Carthamus caeruleus L (Bouhenni and Benkablia, 2019), Sorbus Species (Emina et al. 2024), used in traditional medicine for the treatment of inflammation.

4. CONCLUSION
The present work revealed the notable anti-inflammatory properties of Picralima nitida seeds. Phytochemical compounds such as polyphenols, flavonoids, alkaloids and tannins present in Picralima nitida are thought to be responsible for its anti-inflammatory effects. This study also showed that Picralima nitida is non-toxic orally, and therefore of real therapeutic interest, as it offers an accessible, long-lasting alternative to conventional treatments, with a significant advantage over conventional drugs in the absence of serious side effects. 
Looking ahead, further analyses based on purified extracts will be undertaken to precisely identify the compounds responsible for the observed anti-inflammatory activity, and elucidate their mode of action.
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