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Evaluation of Phytochemical Composition, Safety and Anti-inflammatory Potential of Pseudocedrela kotschyi Harms (Meliaceae) Trunk Bark Extract

ABSTRACT Aim : Pseudocedrela kotschyi is a traditional medicine plant used by people in sub-Saharan regions to cure several diseases. The main objective of this study is to evaluate the Anti-inflammatory activity of the aqueous extract of Pseudocedrela kotschyi trunk bark.
Methods: The aqueous extract was obtained by infusion of Pseudocedrela kotschyi trunk bark powder.  This aqueous extract was used for phytochemical tests, for the study of acute toxicity as well as for the study of anti-inflammatory activity.The acute toxicity study was assessed using the protocol 423 of the Organisation for Economic Co-operation and Development (OECD).The anti-inflammatory study was conducted using the method of Winter et al. The effects of the extract on inflammation were determined using carrageenan induced paw edema. For the acute toxicity study, four groups of three female Wistar albino rats each were formed, including a control group which received only distilled water while the other three groups received doses of 300, 2000 and 5000 mg/kg body weight of the aqueous extract respectively. Thirty (30) male and female Wistar albino rats were used for the study of anti-inflammatory activity. They were randomly divided into groups of six (6) animals each. One control group received distilled water, one group received indomethacin (reference drug) and the other three groups received 200, 150 and 100 mg/kg body weight of the aqueous extract respectively.
Results: Phytochemical screening revealed the presence of alkaloids, flavonoids, catechic tannins, saponosides, polyphenols, quinones, terpenoids, oses and holosides whereas coumarins and gallic tannins are absent. In the acute toxicity study, oral administration of the aqueous extract of Pseudocedrela kotschyi trunk bark did not cause any death among the rats at doses up to 5000mg/kg body weight. According to the organisation for economic cooperation and development (OECD) 423 classification system, the lethal dose 50 (LD50) of such an extract is therefore greater than 5000mg/kg body weight. The study of anti-inflammatory activity revealed that the groups treated respectively with 200, 150 and 100 mg/kg body weight of extract significantly (P = 0.05) and dose-dependently inhibited the increase in edema compared with the normal control. The percentage increase in edema for these different doses of aqueous extract at the sixth hour was lower than that of the control group. They were 20.89 ± 0.73%, 21.36 ± 0.72% and 22.46 ± 1.16% respectively, compared with 35.03 ± 0.39% for the control group.
Conclusion: The results obtained suggest that the aqueous extract of the trunk bark of Pseudocedrela kotschyi may contain biologically active principles with potential anti-inflammatory effects; thus supporting its use as a phytomedicine and buttressing the need for the isolation and identification of the biologically active constituent(s) of this plant.
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1. INTRODUCTION

“Inflammation is an immunological defence mechanism of the body in response to mechanical damage, burns, microbial infections, toxic chemicals, allergens and other harmful stimuli. It is considered to be the primary physiological defence mechanism that helps the body to protect itself from these assaults, ensuring the healing, defence and sterilisation of injured tissues” (Masresha et al., 2012). “This protective immune response can sometimes be harmful due to the aggressiveness of the pathogen, its persistence, and abnormalities in the regulation and production of cells involved in inflammation” (Weill et al., 2003). "These inflammatory processes are involved in the development of a large number of human pathologies such as arthritis, diabetes, asthma, allergies and cancer” (Viladomiu et al., 2016). 
Inflammation and its associated pathologies are increasingly a major health problem, both in terms of the majority of people who suffer from them and the different forms in which they manifest themselves. Treatment of inflammation is often based on non-steroidal anti-inflammatory drugs (NSAIDs) and glucocorticoids. Although effective, these molecules most often have undesirable effects (Smahia et al., 2016). All NSAIDs, whatever their route of administration, present risks of gastrointestinal and renal toxicity, and sometimes cardiac complications (Soubrier et al., 2013). The higher the dosage and the longer the course of treatment, the greater the risk (Renfreyet et al., 2003).
The search for new medical molecules with no risk of side-effects is proving essential for the treatment of patients. For this reason, increasing emphasis is being placed on the search for new molecules with anti-inflammatory activity in medicinal plants. For this reason, the present work was undertaken to evaluate the anti-inflammatory effect of an aqueous extract from the trunk bark of Pseudocedrela kotschyi, a plant widely used in traditional medicine. This plant has many valuable properties, making it a very interesting subject for study. "Pseudocedrela kotschyi (Schweinf.) Harms (Meliaceae) or dry zone cedar” (Alhassan et al., 2021) is a long tree that can reach a height of 20 m with a greyish, cracked bark (Traore et al., 2006). "It is one of the biggest trees found in tropical and subtropical countries of Africa. Different parts of Pseudocedrela kotschyi are used in the traditional treatment of various diseases. The root is used in the treatment of epilepsy, dementia” (Kantati et al., 2016), diabetes (Salihu et al., 2015). The stem bark is used in the treatment of cancer (Saidu et al., 2015), infantile dermatitis (Erinoso et al., 2016), toothache (Kayode and  Sanni, 2012).
The present study aims to evaluate the anti-inflammatory properties of the aqueous extract of Pseudocedrela kotschyi in order to provide a scientific basis for its ethnopharmacological use.

2. MATERIALS AND METHODS 

2.1 Plant material

We used the freeze-dried infusion of Pseudocedrela kotschyi (Meliaceae) trunk bark. Bark collection was carried out Dikodougou’s Prefecture, in the northern part of Côte d'Ivoire. The plant species was authenticated at the National Floristic Center (CNF) of the University Felix Houphouët-Boigny from herbarium n°8664. The barks were dried in the shade at room temperature and then ground to prepare our aqueous extract.

2.2 Animal material 
Female Wistar albino rats were used for toxicity testing, and male and female Wistar albino rats were employed for anti-inflammatory activity. The rats weigh between 180 and 250g. These animals were reared in the vivarium of the Ecole Normale Supérieure d'Abidjan, where the photoperiod is 12/24 hours with a relative humidity of 70% and the average temperature is 28°± 3°C. These animals have free access to water and food.
2.3 Preparation of aqueous extract of Pseudocedrela kotschyi 
One hundred and fifty grams of Pseudocedrela kotschyi trunk bark powder was taken and put into a 5 litre beaker. Three litres of distilled water heated to 100°C are added. This mixture is stirred for 24 hours using a magnetic stirrer. The solution was then filtered through cotton wool and Wattman paper (3mm). The filtrate obtained is freeze-dried using a freeze-dryer (type SERIAL). The lyophilisate is a light brown powder with a 20% yield.

2.4 Phytochemical screening 
The phytochemical screening was carried out in order to identify the chemical constituents with pharmacological interest such as sterols, terpenoids, polyphenols, flavonoids, tannins, quinone compounds, saponosides, alkaloids, coumarins, cardiotonic heterosides, reducing compounds, oses and holosides via qualitative analysis techniques described in the literature (Bekro et al., 2007).

2.5 Acute oral toxicity test
The acute oral toxicity study was conducted on female rats using the Organisation for Economic Co-operation and Development (OECD) protocol 423 (OECD, 2001). A total of 12 female Wistar albino rats were used in the study and had access to water but no food for 18 hours. Four groups of three female Wistar albino rats each were formed, including a control group which received only distilled water while the other three groups received doses of 300, 2000 and 5000 mg/kg body weight of the aqueous extract respectively. The distilled water and the various doses of extract are administered as a single oral dose.The animals were observed for signs of diarrhoea, tremors, convulsions, drowsiness, respiratory problems (change in rhythm), coma, lethargy and abnormal behaviour such as self-mutilation or walking backwards for the first few hours and then once a day for 14 days.
2.6 Experimental design of anti-inflammatory activity
Thirty (30) male and female Wistar albino rats were used in the investigation. The rats were placed randomly in each groups of six (6) animals each and they received the following cares:
Group1: control group (distilled water)
Group 2: Indomethacin 10 mg/kg body weight was administered (standard drug) 
Group 3: AEPk 200 mg/kg body weight was administered. 
Group 4: AEPk 150 mg/kg body weight was administered. 
Group 5: AEPk 100 mg/kg body weight was administered.



2.7 Carrageenan-induced oedema in rats 
This study was based on a rat oedema (Winter et al., 1962). Injection of carrageenan under the plantar pad of the rat's right hind leg provoked an inflammatory reaction. The volume of the right hind paw increased after this injection. Thirty (30) mature male and female Wistar rats (180-250 g) were divided into five groups of six rats each. They were deprived of food for 16 hours prior to the experiment. Groups 3, 4 and 5 rats, respectively, were given different doses of extract (200, 150 and 100 mg/kg) by gavage through a tube. The distilled amount was administered to control group (1) and group (2) received 10 mg/kg indomethacin. One hour after gavage, 0.05 ml of 1% carrageenan solution was injected under the foot pad of the right hind paw of each rat to induce inflammation. Transmetatarsal ankle diameter and paw circumference at the metatarsal level were determined using a COGEX SENSEMAT (France) electronic caliper (Gentili et al., 1997) every 60 min for 6 hours. Using the relationship (Nongonierma et al., 2006), the percentage of oedema inhibition was also determined for each dose.


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.
2.8 Statistical analysis 
Statistical data are expressed as mean ± standard error (M±SEM) obtained from the (n) separate experiments. Statistical differences are calculated using Student's t-test. When p≤0.05 the difference is said to be significant. Statistical analysis was performed with Graphpad prism 5.0 software. 
3. RESULTS AND DISCUSSION
3.1 Phytochemical Composition
Phytochemical screening of the aqueous extract of Pseudocedrela kotschyi trunk bark by qualitative characterization reactions revealed the presence of different chemical groups with chemical potentialities such as alkaloids, flavonoids, catechol tannins, saponosides, polyphenols, quinones, terpenoids, reducing compounds, oses and holosides (Table 1). These same chemical compounds were revealed with methanolic extract of stem bark of Pseudocedrela kotschyi roots (Adeniyi et al., 2010) and aqueous extract of Pseudocedrela kotschyi roots (Alhassan et al., 2014).















Table 1. Chemical composition of the aqueous extract of Pseudocedrela kotschyi trunk bark (Yaya et al., 2022)

	Chemical compounds
	Aqueous extract of Pseudocedrela kotschyi trunk bark

	Flavonoids 
	+

	Alkaloids 
	+

	Saponosides 
	+

	Polyphénols 
	+

	Coumarins 
	-

	Terpenoids 
	+

	Oses and holosides 
	+

	Reducing compounds 
	+

	Quinones 
	+

	Catechic tannins 
	+

	Gallic tannins 
	-


+= presence of compound; -= absence of compound

3.2 Acute oral toxicity 
During the oral acute toxicity study the animals were shaken a few minutes after administration of the extracts. They showed no evidence of tremors, change in respiratory rate, convulsions, salivation, diarrhoea, coma, walking backwards and self-mutilation. There were no deaths during the 14 days following administration of the extracts (Table 2).
In the acute oral toxicity study, the aqueous extract of Pseudocedrela kotschyi did not result in death at 5000mg/kg body weight (BW).  According to the OECD 423 Globally Harmonised System of Classification (GHS) (OECD, 2001). any non-lethal substance administered at this dose has an LD50 greater than 5000mg/kg BW. The aqueous extract of Pseudocedrela kotschyi therefore has an LD50 greater than 5000mg/kg BW. Under this classification system, the aqueous trunk bark extract of Pseudocedrela kotschyi is classified in Category 5, a category of relatively low acute toxicity.
This LD50 is identical to that obtained by (Essiet et al.,2016) with the ethanolic extract from the leaves of Pseudocedrela kotschyi. It is, however, higher than that determined by (Daniel, 2018). The latter determined an LD50 of 1225mg/kg B.W with the aqueous extract of stem bark of Pseudocedrela kotschyi.


Table 2. Percentage mortality of female rats as a function of the dose of aqueous extract of Pseudocedrela kotschyi (AEPk) (Yaya et al., 2022)

	Batches
	Dose administered (mg/kg BW)
	Number of rats
	% deaths

	1
	Control (distilled water)
	3
	0

	2
	300
	3
	0

	3
	2000
	3
	0

	4
	5000
	3
	0



3.3 Effect of aqueous extract of Pseudocedrela kotschyi (AEPk) on carrageenan-induced edema of the rat paw.
The impact of AEPk on carrageenan-induced rat paw edema is presented in Table 3. According to these results, AEPk produced an anti-inflammatory effect by inhibiting paw edema in carrageenan-treated animals compared with positive animals. From one to six hours after treatment, all treatment groups showed a significant (p < 0.05) decrease in mean paw oedema compared with the control group. In the presence of indomethacin and different doses of AEPk (200, 150 and 100 mg/kg), smaller increases in paw diameter were recorded, with the maximum measured after 4 hours. These maximum increases were 17.12 ± 0.64% for indomethacin and 23.43 ± 1.15%, 23.95 ± 0.64% and 25.25 ± 1.16% respectively for the different doses of AEPk. The reduction in edema induced by the aqueous extract was dose-dependent.
















Table 3: Effect of indometacin and aqueous extract of Pseudocedrela kotschyi on the increase in circumference of rat paw edema induced by carrageenan.

	Treatment
	Doses 
(mg/kg BW)
	Percentage increase in paw circumference induced by carrageenan

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

	Control (NaCl 0,9%)
	
	10.03 ± 1,65
	22.40 ± 1,12
	25.63 ± 0,85
	37.25 ± 0,74
	36.36 ± 0,83
	35.03 ± 0,39

	Indometacin
	10
	6.09 ± 0,96*
	9.07 ± 0,38*
	12.05 ± 0,73*
	17.12 ± 0.64*
	15.85 ± 0.97*
	14.58 ± 0.45*

	AEPk 
	200
	8.83 ± 0.69*
	14.54 ± 1.2*
	18.35 ± 0.55*
	23.43 ± 1.15*
	22.16 ± 0.78*
	20.89 ± 0.73*

	AEPk
	150
	9.00 ± 0.54*
	15.02 ± 1.36*
	18.50 ± 1.23*
	23.95 ± 0.64*
	23.00 ± 1.24*
	21.36 ± 0.72*

	AEPk
	100
	9.20 ± 1.12*
	15.80 ± 0.92*
	19.29 ± 1.06*
	25.25 ± 1.16*
	23.73 ± 0.4*
	22.46 ± 1.16*



Values represent mean ± SEM : Standard Error of the Mean; n = 6 for each group; Significantly different compared to Control *p < 0.05 
AEPk = aqueous extract of Pseudocedrela kotschyi 
The edema induced by carrageenan injection is a model widely used to assess the anti-inflammatory activity of substances (Sharma et al., 2011). Carrageenan injection induces the release of several chemical mediators that are responsible for the inflammatory process. This inflammatory response occurs in two phases. The initial phase, which lasts approximately one hour, is due to the release of histamine and serotonin, while the second phase involves the release of bradykinin (1.5-3 hours) and the biosynthesis of prostaglandins beyond the third hour (Antonio et al., 1998 ; Wantana et al., 2009; Gupta et al.,2006). These chemical mediators activate phospholipases A2. These convert membrane phospholipids into arachidonic acid, which is metabolised into prostaglandins (PGs) by cyclooxygenase (Neant, 2017). Different doses of the aqueous extract of Pseudocedrela kotschyi caused a reduction in edema in both the first and second phases. In view of the mechanism of action of carrageenan, this result implies a mechanism of inhibition of the synthesis of inflammatory mediators, in particular histamine and serotonin in the first phase and prostaglandins and bradykinins in the second phase. 
In addition, an increasing effect was observed for all doses, which would imply that progressive administration of the extract could confer a protective effect against inflammation (Sadhan et al., 2017). Work carried out by (Soro et al., 2010) with the aqueous extract of Ximenia americana at 400 mg/kg BW administered by gavage reduced the inflammation caused by carrageenan injection by 26.5 ± 1.2 %; 27.3 ± 1.1 % and 56.1 ± 2.6 % at 1, 3 and 6 hours. These percentages of inhibition are higher than those obtained in the present study at 1 and 6 hours with the aqueous extract of Pseudocedrela kotschyi. However, at 3 hours, the inhibition percentage was slightly lower than that obtained at the same time. Other work carried out by (Asongalem et al., 2004) using the aqueous decoctate of Acanthus montanus leaves at 400 mg/kg BW reduced the inflammation caused by the injection of carrageenan by 28.12%, 18.64% and 16.98% at 1, 3 and 6 hours. These percentages of inhibition obtained by the latter are lower than those obtained at 3 and 6 hours in this study with the aqueous extract of Pseudocedrela kotschyi. On the other hand, the percentage of inhibition obtained by the same authors at 1 hour was higher than that obtained in the present study at the same time. The mechanism of anti-inflammatory activity could be based on inhibition of inflammatory mediators  (Ojewole, 2006; Delporte et al., 2007; Chavan  et al.; 2010; Queiroz  and Pereira , 2010).
The anti-inflammatory effects of the aqueous extract of Pseudocedrela kotschyi can be attributed to the plant's chemical composition. The richness of this extract in phenolic constituents could partly explain these activities. Flavonoids, saponosides and polyphenols are known for their anti-inflammatory properties(Akindele and Adeyemi , 2007; Bose et al., 2007; Hussain et al., 2016; Li et al., 2016). These compounds have the ability to inhibit the enzymes that induce the production of chemical mediators of inflammation.

5. CONCLUSION
The results of this study show that the aqueous extract of bark from the trunk of Pseudocedrela kotschyi has anti-inflammatory properties. These anti-inflammatory properties are probably due to the presence of phytochemicals such as Flavonoids, saponosides and polyphenols found in this aqueous extract. Intraperitoneal administration of the aqueous extract of Pseudocedrela kotschyi trunk bark, at high doses is highly toxic to mice. The aqueous extract should therefore be used with caution. Further experiments using purified extracts are envisaged to identify precisely compounds responsible for this anti-inflammatory activity and to understand their action mechanism.
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