


[bookmark: _Hlk211517186]Original Research Article

Phenolic compound contents, anti-inflammatory activities and effect of hydroethanolic extract of Pericopsis laxiflora (Benth.) roots on prostate-specific antigen content in male Wistar rats induced with benign prostatic hyperplasia


	Background: Benign prostatic hyperplasia (BPH) is a common pathology in elderly men that causes urinary disorders. 
[bookmark: _GoBack]Objective: To determine the phenolic compound content of the hydroethanolic extract of Pericopsis laxiflora roots, to evaluate its anti-inflammatory activities and to study its effect on prostate-specific antigen (PSA) concentration in male Wistar rats induced with benign prostatic hyperplasia. 
Methods: To achieve this objective, the methodology was based on an experimental study involving male Wistar rats weighing between 173 and 261 g and induced with BPH by an injection of 3 mg/kg bw of testosterone propionate. These animals were divided into four groups: a control group, a BPH-induced group, a group treated with P. laxiflora extract, and a group receiving Finasteride (reference molecule). The effect of the extract on prostate-specific antigen (PSA) concentration was evaluated by ELISA assay after 28 days of treatment. In addition, a phytochemical screening was performed and the content of phenolic compounds was determined. 
Results: The results showed that the extract significantly reduced PSA content. Indeed, the dose of 200 mg/kg allowed to approach the PSA levels of the normal control group and the statistical analysis revealed no significant difference between the PSA levels of the batch treated with the extract and that treated with Finasteride. In addition, the phytochemical analysis allowed the identification of alkaloids, phenols, flavonoids, tannins, glycosides and saponins. However, the content of total phenolic compounds (98.15 ± 6.17 mg GAE/g) in the extract was significantly higher than that of flavonoids, which recorded 32.25 ± 1.54 mg QE/g of extract. 
Conclusion: In conclusion, this study highlights the therapeutic potential of Pericopsis laxiflora in the management of BPH, particularly through its effects on PSA reduction. These results suggest that this plant is a significant source of bioactive molecules for the development of less expensive and more natural alternative treatments. 
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1. INTRODUCTION

Benign prostatic hyperplasia (BPH) is a non-cancerous enlargement of the prostate (Dmochowski, 2005). It is caused by a proliferation of epithelial and stromal cells, resulting in compression of the urethra and urinary disorders (McVary et al., 2011). This pathology represents a real public health problem, affecting nearly 50% of men over 50 years of age and up to 90% of men over 80 years of age (Roehrborn, 2005). BPH is often accompanied by complications such as urinary tract infections, chronic prostatitis, bladder stones, as well as certain chronic diseases associated with inflammation (De Nunzio et al., 2016). Many researchers have reported that inflammation plays a key role in the progression of BPH and may contribute to the worsening of urinary symptoms (Kramer et al., 2007; Gandaglia et al., 2013). To date, medical management of BPH relies on the use of synthetic drugs, including 5α-reductase inhibitors (McConnell et al., 2003), alpha-blockers (Djavan et al., 2004), and sometimes surgery, with or without potent anti-inflammatory drugs (Andriole et al., 2004). However, these treatments are expensive, not accessible to all segments of the population, and often lead to significant side effects such as erectile dysfunction, orthostatic hypotension, or ejaculatory disorders (Roehrborn, 2008). Faced with these limitations, traditional medicine offers various plants that have demonstrated real anti-inflammatory and anti-BPH potential, including Serenoa repens, Pygeum africanum, Urtica dioica and Cucurbita pepo (Wilt et al., 2000; Dreikorn, 2002). Several studies have shown that plant extracts can prevent the progression of BPH by acting on hormones but also on inflammatory pathways (Plosker & Brogden, 1996; Vela-Navarrete et al., 2002). In Côte d'Ivoire, Pericopsis laxiflora (Benth.), a plant of the Fabaceae family, is commonly used by populations to relieve pain and urinary problems related to BPH. Previous work has reported that the leaves of this species possess anti-inflammatory (Akinmoladun et al., 2016), antioxidant (Ibrahim et al., 2013) and analgesic (Akinmoladun & Komolafe, 2017) activities. The barks have shown antimicrobial properties (Bukar et al., 2015), while the roots are reported to be used traditionally against various inflammatory conditions (Okpo et al., 2011). This work aims to determine the phenolic compound content of the hydroethanolic extract of Pericopsis laxiflora roots, evaluate its anti-inflammatory activities and study its effect on prostate-specific antigen (PSA) concentration in Wistar rats induced with benign prostatic hyperplasia.
2. material and methods 

2.1 Study plant
The roots of Pericopsis laxiflora were collected in Lataha, Poro region, northern Ivory Coast, in June 2025. The plant identification was carried out by the Herbarium Unit of the University of Man. The reference specimens were also deposited at the same institute.

2.2 Preparation of hydroethanolic extract
The roots of P. laxiflora were thoroughly washed with distilled water and dried to constant weight in the laboratory for four weeks. They were then ground using a herb grinder. The hydroethanolic extract of the roots was prepared by macerating 100 g of powdered root sample in 1 L of ethanol-water (70:30; V/V) for 72 h, after which the suspended matter was carefully filtered. The filtrate was concentrated using a rotary evaporator at 40 °C. The obtained extract was stored in a refrigerator for further studies.

2.3 Phytochemical screening and determination of total phenol and flavonoid contents

Phytochemical screening of the extract was carried out using precipitation and/or staining method (Harborne, 1998). The Folin-Ciocalteu test (Singleton & Rossi, 1965) and the aluminum chloride colorimetric method (Chang et al., 2002) were used to measure total phenol and flavonoid contents respectively.

2.4 Ethical approval

The rats were kept in accordance with the guidelines of the Committee for the Control and Surveillance of Animal Experiments of the Government of Côte d'Ivoire.

2.5 Determination of anti-inflammatory activity

Anti-inflammatory activity was determined according to the method proposed by Lee et al. (2017). Rats (n = 5 per group) received the hydroethanolic extract at a dose of 200 mg/kg body weight orally or Diclofenac at a concentration of 75 mg/kg body weight intraperitoneally, one hour before the injection of 0.05 mL of carrageenan (1%). The carrageenan injection was performed under the plantar fascia of the rat's right hind paw. Paw volume was measured before and every hour for 5 hours after carrageenan injection using an electronic caliper. Anti-inflammatory activity was evaluated using controls according to the following formula:
100

P = mean percentage (%) increase in paw circumference in the control group over a given period.
Pt = mean percentage (%) increase in paw circumference in the test group over the same time period.

2.6 Induction of benign prostatic hyperplasia and determination of PSA levels Study animals
The male Wistar rats used for this study were seven weeks old (173–261 g). All rats were housed in metal cages at room temperature. They had free access to water and food throughout the experiment. All rats were allowed to acclimate before the study began.

2.7 Experimental design 
The animal model chosen was that proposed by Shan et al. (2022) and Chung et al. (2024) with some minor modifications. Indeed, for 28 days, daily subcutaneous injections of testosterone propionate (TP) (3 mg/kg bw) dissolved in corn oil were administered to rats to induce benign prostatic hyperplasia.
Thus, in the work carried out, the rats were randomly divided into four groups (n = 5). Group 1 received distilled water (control), group 2 received an injection of PT (BPH-induced control), group 3 received 200 mg/kg bw of hydroethanolic extract of P. laxiflora orally In addition to PT injection (PL-200 mg/kg bw), group 4 received PT injection as well as finasteride (5 mg/kg bw) orally (Fin-5 mg/kg bw).
All test materials (testosterone propionate, plant extract, and finasteride) were administered to rats in the morning for 28 days. After the last administration and overnight fasting, rats were anesthetized with pentobarbital 50 mg/kg bw by intraperitoneal injection. Blood samples were then collected to assess free prostate-specific antigen (PSA) levels using the PSA Elisa kit, according to the manufacturer's recommendations.


2.8 Statistical analysis
Data were expressed as mean ± standard error of the mean. Microsoft Excel 2019 was also used to plot standard curves. Statistical analysis was performed using Graph Pad Prism (version 7.04) with one-way analysis of variance (ANOVA) followed by a Fischer test for post hoc comparison. P values ​​˂ 0.05 were considered statistically significant.


3. results and discussion
3.1 Phytochemical screening of hydroethanolic extract
The phytochemical screening has made it possible to highlight the presence of the main families of chemical compounds in the hydroethanolic extract of Pericopsis laxiflora. Thus, the presence of alkaloids, phenols, flavonoids, tannins, glycosides and saponins was revealed as indicated in Table 1.

Table 1. Phytochemical screening of the hydroethanolic extract
	
	Groups
Phytochemicals
	Tests
	Results

	1
	Alkaloids
	Dragendroff reagent
	+

	2
	Phenols
	Ferric chloride test
	+

	3
	Flavonoids
	1% Aluminum Trichloride (AlCl3) Reagent
	+

	4
	Tannins
	Lead acetate
	+

	5
	Glycosides
	Bontrager Test
	+

	6
	Saponins
	Foam test
	+


+: present
3.2 Phenol and flavonoid content of the hydroethanolic extract
Results of the determination of total phenols and flavonoids in the extract hydroethanolic of Pericopsis laxiflora are recorded in Table 2. It appears that the total phenol content of the extract was 98.15 ± 6.17 mg GAE/g while that of flavonoids was 32.25 ± 1.54 mg QE/g of extract.




Table 2. Phenol and flavonoid contents of the hydroethanolic extract
	Extract
	Phenol content
	Flavonoid content

	Aqueous extract
	98.15 ± 6.17 mg GAE/g
	32.25 ± 1.54 mg QE/g



3.3 Anti-inflammatory activity of the hydroethanolic extract
3.3.1 Edema volume
Figure 1 shows the respective effects of Diclofenac (75 mg/kg bw) and hydroethanolic extract of Pericopsis laxifloraon the evolution of edema induced by carrageenan (1%) in the hind paw of rats (n= 5). Analysis of this figure reveals that in the previously treated rats, there was initially an increase in the volume of inflammatory edema between the time of carrageenan injection and the first hour. However, during the first four hours, the values ​​of the volume of edema recorded in the rats that had previously received Diclofenac were less important than those of the group that had received the hydroethanolic extract of P. Laxiflora (200 mg/kg bw). Indeed, from the first hour to the fourth hour, a decrease in the volume of edema was observed in rats from both groups. However, Diclofenac (75 mg/kg bw) was shown to be more effective in the decrease in the volume of inflammatory edema between the first hour (5.41 mm) and the fourth hour (5.02 mm) compared to the extract of P. Laxiflora which recorded, respectively, volumes of5.8 mm and 5.2 mm at the same times. Furthermore, Diclofenac showed its maximum activity at the third hour (5.01 mm) while the hydroethanolic extract recorded its own at the fifth hour (5.01 mm). However, from the fourth hour, the edema volumes of the rats given Diclofenac had started to increase again while those of the rats given the hydroethanolic extract of P. Laxiflora (200 mg/kg bw) decreased.
 
Fig. 1. Anti-inflammatory activity of hydroethanolic extract of Pericopsis laxiflora
3.3.2 Percentage of edema inhibition
Figure 2 shows the percentage inhibition of edema by Diclofenac and hydroethanolic extract of Pericopsis laxiflora. With its maximum activity reached at the third hour (63.2 ± 5.02%), Diclofenac, taken as a reference molecule, better inhibited edema during the first four hours of the experiment compared to the hydroethanolic extract of P. laxiflora. Statistical analysis even revealed a very highly significant difference (p˂ 0.0001) at the third hour. However, after the fourth hour, the percentage of inhibition of edema by Diclofenac began to decrease to reach54.17 ± 3.7% at the fifth hour, while that ofthe hydroethanolic extract of P. Laxiflora continued to increase to reach60.19 ± 5.4% at the same time. Despite this increase in the percentage of inhibition of edema by the extract, statistical analysis showed no difference (p > 0.05) significant between the values ​​recorded at the fifth hour.


























Fig. 2. Percentage inhibition of edema in treated rats
Values ​​are means ± Standard Errors of the Mean (m ± SEM) with n = 5 rats per group.
Diclofenac Batch (75 mg/kg bw): Batch of rats treated with Diclofenac at a dose of 75 mg/kg bw.
Batch – Extract : batch of rats treated with the hydroethanolic extract at a dose of 200 mg/kg bw.
Ns: not significant; *: p˂ 0.05; **: p˂ 0.01; ****: p˂ 0.0001  

3.4 Effect of hydroethanolic extract ofthe hydroethanolic extract of Pericopsis laxifloraon prostate-specific antigen levels in Wistar rats with BPH
Figure 3 shows the Prostate Specific Antigen (PSA) levels in rats distributed in the different groups. Analysis of this figure reveals that at the end of the experiment, the average PSA level of rats in the normal control group (rats that received only distilled water) was 0.16 ± 0.02 ng/mL. The group of induced and untreated rats (BPH control group) recorded the highest PSA level of all the groups (0.35 ± 0.003 ng/mL) with a very highly significant difference (p˂ 0.0001) compared to the normal control group. However, administrations of the extract hydroethanolic of Pericopsis laxiflora (200 mg/kg bw) and finasteride (3 mg/kg bw) prevented significant increases in PSA levels in rats from these different batches. Thus, PSA levels of 0.20 ± 0.002 ng/mL and 0.18 ± 0.012 ng/mL were obtained, respectively, for the batches of rats induced but having received the extract hydroethanolic of Pericopsis laxiflora at the dose of 200 mg/kg bw and those receiving finasteride at the dose of 3 mg/kg bw. No significant difference (p > 0.05) was noted between the PSA levels of the different treated groups (PL-200 mg/kg bw Group and Finasteride Control) at the end of the experiment. Furthermore, a highly significant difference (p˂ 0.001) was revealed between the PSA values ​​of the induced and treated groups of rats and those of the untreated group.

****

*



Fig 3. Effect of hydroethanolic extract of P. laxiflora on prostate-specific antigen levels
Values ​​are means ± Standard Errors of the Mean (m ± SEM) with n = 5 rats per group.
Normal control group vs. BPH control group: ****p˂ 0.0001.
Treated group (PL-200 mg/kg bw, Finasteride control) vs. BPH control group: ≠ ≠ ≠ p˂ 0.001.

3.5 Discussion
Phytochemical screeningrevealed thatthe hydroethanolic extract of Pericopsis laxiflora contained all the major groups of secondary metabolites sought, namely alkaloids, phenols, flavonoids, tannins, glycosides and saponins. These results are in agreement with those of Doukourou et al. (2021) who, in their study on the decoction and maceration of Pericopsis laxiflora leaves, highlighted the same compounds with the exception of glycosides which were not sought in their study. However, the work of Kubmarawa et al. (2007) on the different families of molecules contained in the bark of Pericopsis laxiflora revealed the presence of saponins, glycosides and the absence of tannins, flavonoids and alkaloids. Sarfo-Antwi et al. (2021) did not find glycosides in the bark of P. laxiflora.
Several factors may explain these results. Indeed, the efficiency of extraction from plant materials is generally influenced by several factors including geographical location, the organ harvested, the sampling period, the collection time, storage conditions and the extraction solvent (Sofowora, 1996). All the molecules investigated have already been implicated in the management of several diseases such as tumors, cancers, diabetes, oxidative stress, sickle cell disease and inflammation (Sahu & Saxena, 2013; Kplé et al., 2020).
The dosage of polyphenols showed thatthe hydroethanolic extract of Pericopsis laxiflora was rich in phenolic compounds. The total phenolic content was 98.15 ± 6.17 mg GAE/g of extract compared to 32.25 ± 1.54 mg QE/g of extract for flavonoids. This richness in phenolic compounds would testify to the excellent phenolic activity of the plant studied. These results corroborate those of N'guessan et al. (2007), who reported an excellent correlation between the quantities of phenolic compounds and various pharmacological activities of plant extracts.
Edema was induced by administering carrageenan to the plantar fascia of the right hind paw, which remains a frequently used model for evaluating the anti-inflammatory activity of natural substances (Subhan et al., 2007; Ouedraogo et al., 2012). Thus, the evaluation of the anti-inflammatory activity of the plant was carried out by monitoring the evolution of edema. The development of edema after its injection is a biphasic process (Wantana et al., 2009). During this kinetic study, Diclofenac reduced the increase in edema from the first hour with 28.87±3.5% inhibition. It inhibited edema during the first four hours and showed a maximum inhibition percentage of 63.2±5.02% at the 3rd hour. The inhibitory activity of the aqueous extract of Pericopsis laxiflora over the experimental period was quite comparable to that of Diclofenac. However, unlike the reference molecule, the maximum activity of the plant was observed at the 5th hour of experimentation, i.e. two hours after the release of prostaglandins in the inflammatory site (Wantana et al., 2009; Buapool et al., 2013; Mandal et al., 2015). This could be explained by the presence within this plant of cyclooxygenase inhibitors which led to the inhibition of prostaglandin synthesis. This result gives the plant an anti-inflammatory mechanism of action and could be explained by the presence of bioactive compounds such as phenolic compounds and saponins (Santengelo, 2007). Several studies have shown that polyphenols inhibit the enzymatic activities of arachidonic acid metabolism and reduce the production of inflammatory mediators such as nitric oxides, prostaglandins, and leukotrienes (Kim et al., 2004; Guo et al., 2009). Polyphenols are therefore responsible for anti-inflammatory activities, hence their use as potential chemopreventive agents (Sahu & Saxena, 2013).
According to Zhang et al. (2021), several methods are used to induce BPH. These methods include those using sex hormones and certain synthetic molecules. In general, testosterone administration in rats causes irregular growth of acinar structures, an increase in stromal tissue in the prostate, and an increase in prostate-specific protein (PSA) levels (Gonzales et al., 2012; Park et al., 2016). PSA is a glycoprotein produced exclusively by prostatic epithelial cells (Shan et al., 2022). Its level increases significantly in benign and malignant prostate lesions and is generally very marked in cases of prostate cancer (Andriole et al., 2009; Boissier, 2011). Therefore, it is used as a test for the diagnosis of BPH. Thus, the very significantly elevated serum PSA level in the induced and untreated control group compared to the normal rat group suggests the development of BPH and successful induction in this experiment using testosterone propionate at a dose of 3 mg/kg bw. At the end of the experiments, the extract hydroethanolic of Pericopsis laxiflora brought the PSA level of the induced and treated rats closer to that of the group of rats not induced and not receiving any treatment (control group). Indeed, the rats treated with 200 mg/kg bw of the extracthydroethanolic of Pericopsis laxiflora recorded a PSA level of 0.20 ± 0.002 ng/mL while the normal control group (rats given only distilled water) recorded 0.16 ± 0.02 ng/mL. According to statistical analysis, this difference is not significant. This testifies to the potential of this medicinal plant in the management of BPH.
This ability of the extract hydroethanolic of Pericopsis laxiflora to prevent an elevation in PSA levels could be attributed to the diversity of secondary metabolites it contains (Salehi et al., 2019). Indeed, among these bioactive compounds are phenolic compounds such as flavonoids which have been shown to have anti-BPH activities in various studies (Buncharoen et al., 2019). It has also been accepted that certain flavonoids such as apigenin and epigallocatechin-3-gallate inhibit the activity of 5α-reductase (molecule involved in the development of BPH) and therefore reduce BPH (Bektic et al., 2006; Tepedelen et al., 2017). Moreover, Buncharoen et al. (2019) claimed that phytosterols contained in plant extracts can also act as α-blockers and attenuate prostate contractions. Thus, the sterols and polyterpenes revealed during the phytochemical screening of P. laxiflora are also involved in the anti-BPH activities obtained.

4. Conclusion

This study is part of the valorization of medicinal plants. The work carried out has shown that the hydroethanolic extract of the roots of Pericopsis laxiflora has an effect on the prostate-specific antigen during BPH. Its activity is even comparable to that of Finasteride, which is a reference molecule in the management of BPH. It should also be noted that phytochemical studies based on specific tests have shown the presence of alkaloids, phenols, flavonoids, tannins, glycosides and saponins in the hydroethanolic extract of the bark of P. laxiflora. This plant therefore represents a potential source of bioactive molecules. Furthermore, the roots of Pericopsis laxiflora have anti-inflammatory properties since they significantly reduce edema in the paws of rats. These anti-inflammatory activities are comparable to that of Diclofenac, which is a reference anti-inflammatory. These various results show that this plant has a powerful therapeutic effect, which explains its traditional use for the relief of benign prostatic hyperplasia and various inflammatory conditions.
In our future work, we will focus on the toxicological study and formulation of an improved traditional medicine from the hydroethanolic extract of Pericopsis laxiflora roots.
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