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Abstract  Boscia senegalensis is a shrub from semi-arid 

regions used to treat various pathologies, including 

inflammation. The aqueous macerate of the leaves was 

subjected to phytochemical and biological studies to 

demonstrate its anti-inflammatory properties and safety. 

The anti-inflammatory carrageenan test and the analgesic 

acetic acid test were performed. Phytochemical screening 

of the leaves revealed mainly tannins, flavonoids, sterol 

glycosides and triterpenes. The LD50 value was 5000 mg/kg. 

The plant material would, therefore, be classified as having 

very low toxicity. The evaluation of the anti-edematous 

activity showed that Boscia senegalensis extract showed 

the best anti-edematous activity at 1 h with 92.34% ± 0.44 

at 500 mg/kg. At the same time, aspegic at 125 mg/kg and 

betamethasone at 20 mg/kg, used as references, gave   

58.51% ± 4.92 and 82.29% ± 2.02, respectively. In the 

analgesia test, the mean number of contortions was 33 ± 

2.64 at 500 mg/kg bw, compared with 30 ± 1.52 for 

acetaminophen at 100 mg/kg bw. These results justify 

using the plant in traditional medicine to treat specific 

pathologies with inflammatory manifestations, such as 

cough, pain and diarrhoea. 

Keywords  Boscia senegalensis, Acute Toxicity, Anti-

oedematous, Analgesic, Aqueous Macerate 

1. Introduction

Inflammation is the body's response to aggression. 

Complex, non-unambiguous mechanisms underpin it. The 

components of inflammation are redness, heat, swelling 

and pain [1, 2]. In recent years, there has been considerable 

progress in the understanding of the mechanisms by which 

inflammation is initiated and regulated. Moreover, 

inflammatory phenomena are essential to the body's 

defense system, provided they are of moderate intensity. 

Inflammatory pathologies are treated with anti-

inflammatory drugs. These drugs attack either the cause or 
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the symptoms of these inflammatory conditions. Anti-

inflammatory drugs target the pathophysiology of 

inflammation to reduce tissue damage and ensure patient 

comfort. Among the sources of medicines are medicinal 

plants, which remain an inexhaustible source of drugs for 

humans. According to [3], more than WHO, 80% of the 

world's population uses medicinal plants to treat 

themselves. In Burkina Faso, statistics from the Ministry of 

Public Health (WHO, 2008) indicate that almost 70% of the 

population uses these practices. The remarkable presence 

of traditional healers in both urban and rural areas is proof 

of this, with one traditional healer for every 500 inhabitants 

[3]. In fact, according to the WHO, 80% of rural 

populations in developing countries mainly turn to this 

medicine for their healthcare needs. In Niger, in the event 

of illness, traditional medicine remains the first resort for 

60 to 80% of the population. 

Today, the constant increase in the price of health 

products and services and access to generic medicines has 

become a problem for financially deprived populations. 

This is why traditional medicine appears to be the most 

appropriate alternative for filling the gaps in health needs 

to which people aspire. To this end, specific populations in 

north-west Niger, in the Sahelian and semi-desert regions 

of Africa, use Boscia senegalensis (B. senegalensis) 

extracts to treat coughs and diarrhoea in both humans and 

livestock [4]. 

On the scientific front, a great deal of work 

(ethnobotanical, biochemical and clinical) is being carried 

out on medicinal plants to understand this cultural heritage 

better and give it scientific justification [5]. The anti-

inflammatory potential of plants used to treat infectious 

diseases has been demonstrated in Burkina Faso and 

elsewhere in Africa [6–8]. 

Therefore, our study aims to contribute to the 

establishment of the pharmacological basis for the use of 

this plant by studying the anti-inflammatory effect of the 

aqueous macerate of B. senegalensis. In the case of B. 

senegalensis, studies have already been conducted on other 

leaf extract forms [9]. However, since macerated tea is one 

of the most frequently used forms of traditional medicine, 

it is also important to verify the efficacy and safety of this 

extract. 

2. Materials and Methods 

2.1. Plant Material and Animal 

The study sample consisted of powdered leaves of 

Boscia senegalensis (Pers) Lam. Ex. Poir (Capparaceae). 

The plant was harvested in the Tchintabaraden area, in the 

north-west of the Republic of Niger (around 800 km from 

the capital Niamey). The plant material was obtained after 

harvesting, drying and grinding. The residual moisture rate 

of the powder was determined. The plant material for the 

study was packaged in an opaque plastic bag and stored 

away from light and moisture. 

Animal materials were constituted for the male N.M.R.I. 

mice from the animal house of the I.R.S.S. They were used 

for pharmacological studies. The animals were kept in the 

animal house under conditions appropriate for rearing 

laboratory animals. They were used for acute general 

toxicity studies and pharmacological tests. 

2.2. Phytochemical Analysis 

2.2.1. Preparation of Extract 

A 15 g test portion of the plant powder was placed in a 

250 mL conical flask. To the test portion, 100 mL of 

analytical dichloromethane was added. The mixture was 

left to macerate at room temperature for 24 hours, then 

filtered through n°5 Wattman paper. The filtrate was 

concentrated under reduced pressure by means of a 

rotavapor. The extract concentrate was then stored in a 

colored vial for characterisation tests on the above 

components. 

Aqueous extraction involved treating the final residual 

pomace with distilled water by maceration. It targeted polar 

components such as carbohydrates and saponins. 

2.2.2. Phytochemical Screening 

The phytochemical screening aimed to determine the 

groups of bioactive chemicals in the aqueous macerate of 

B. senegalensis. The characterisation tests of the different 

groups of substances were carried out in a liquid medium 

with chemical reagents specific to each group of bioactive 

substances. The method used was described by Ciulei and 

adapted by the Chemical Laboratory of the Research 

Institute for Health Sciences (I.R.S.S.) [10]. The principle 

of this method is based on the ability of the functional 

chemical groups of bioactive substances to react with 

specific chemical reagents to give their characteristic 

coloured products. The FeCl3 test has identified tannins, 

flavonoids by the Shibata reaction or cyanidin test, 

saponins by the foam test, steroids and triterpenes by the 

Liebermann-Burchard test, alkaloids by the Mayer and 

Dragendorff tests, Anthraceno-sides by Bornträger's test, 

coumarins and derivatives by Feigl's test, cardenolides by 

Kéddé's reagent, reducing compounds by Fehling's test, 

anthocyanosides by Bate Smith's reagent. 

2.3. Acute Toxicity Assay 

The assessment of acute general toxicity was carried out 

using an adaptation of the method described in O.E.C.D. 

guideline 423 for the testing of chemicals. The guideline 

covers the study of acute oral toxicity using the acute 

toxicity class method [11]. 

After acclimatisation, a first batch of 03 female mice was 

fasted (deprived of food but not water) for 04 hours. After 

the fasting period, the animals were marked and weighed, 

then dosed with 5000 mg/kg/b.w. of aqueous macerate of 

B. senegalensis. After administration of the macerate 
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extract, the animals were observed for 02 hours for signs of 

toxicity or mortality for immediate toxicity. At the end of 

the 02 hours, food was restored. The mice were then 

observed for 72 hours for delayed acute toxicity. Then, 

daily for 14 days post-treatment, no behavioural changes 

such as motor activity, breathlessness, alertness, 

restlessness, diarrhoea, tremor, convulsion and coma were 

observed after administered doses. The experiment was 

repeated twice with the same dose at 5000 mg/kg/b.w. 

2.4. Carrageenan-induced Mouse Paw Edema Model 

It is based on the fact that the injection of carrageenan 

under the plantar fascia of the hind paw of N.M.R.I. mice 

induces an acute inflammatory reaction that can be reduced 

by anti-inflammatory substances [12]. We set up 07 lots of 

06 mice. A control lot received distilled water. Two (02) 

reference standard lots received aspegic 125 mg/kg and 

betamethasone 20 mg/kg respectively. The remaining 04 

batches received the extract at doses of 50, 125, 250 and 

500 mg/kg body weight. The products were administered 

orally to the animals. Initial paw volume was measured. 

Carrageenan (50 microliters) was administered 01 hour 

after test substance administration [13]. 

Subsequently, paw volume was measured at time 

intervals corresponding to t=1 hour, t=3 hours, t=5 hours. 

Compared with control mice, anti-oedematous activity was 

evaluated as the percentage (%) reduction in edema in 

treated mice. 

2.5. Acetic Acid-induced Writhing in Mice 

The method has been adapted to study the peripheral 

analgesic activity of non-morphine type [23]. This method 

is based on the fact that intraperitoneal injection of 0.6% 

acetic acid induces a painful syndrome in mice, with 

characteristic contortions of the hind legs and dorso-

abdominal muscles. Analgesics significantly reduce these 

contortions. Six lots of six mice were used in the study, 

including one blank control lot and one reference control 

lot that received paracetamol at a dose of 100 mg/kg b.w. 

The remaining 04 lots received the extract orally at 50, 125, 

250, 500 mg/kg doses. At 01 h after administration of the 

test substances, each mouse was injected with a volume of 

0.6% acetic acid equivalent to the volume of extract 

received, and at 05 min, the number of convulsions 

produced by each mouse was counted for 20 min. 

Peripheral analgesic activity was assessed by calculating 

the percentage of spasms. 

2.6. Statistical Analysis 

The mean edema volume in each group is calculated 

along with the standard deviation. It is compared with that 

of the control group. Values are expressed as mean ± 

standard deviation (n = 6). * p < 0.05 is considered 

significant compared with control (ANOVA analysis 

followed by Dunnett's test). 

3. Results 

3.1. Phytochemical Screening 

Chemical characterisation tests in tubes performed on 

the different extracts revealed the following chemical 

groups: 

Table 1.  Chemical groups derived from characterising organic, 
hydroalcoholic and aqueous macerate of B. senegalensis leaves 

Phytochemical group B. senegalensis extract 

Coumarins +ce 

Tannins +ce 

Sterol and/or triterpene glycosides +ce 

Saponins +ce 

Reducing compounds +ce 

Anthocyanosides -ce 

Flavonoids +ce 

Anthraquinones -ce 

Alkaloids -ce 

Cardenolides -ce 

Carotenoids +ce 

+ce = presence and -ce = absence 

3.2. Acute Toxicity Assay 

At the end of the observation period, the typical sign for 

all mice was a temporary refusal to eat for the first 2 hours. 

In the acute oral toxicity test, no behavioural changes such 

as motor activity, respiratory distress, alertness, 

restlessness, diarrhoea, tremors, convulsions and coma 

were observed after 14 days of observation at the doses of 

B. senegalensis aqueous macerate administered. The rats 

were also physically active, and no deaths were observed 

in different groups of experimental animals with a single 

dose of 5000 mg/kg/b.w. extract. 

3.3. Carrageenan-induced Mouse Paw Edema Model 

The anti-oedematous effect of the aqueous macerate was 

evaluated at different doses, and we used two (02) standard 

aspegic and betamethasone. The edema volumes are shown 

in figure 1 below. 
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n = 6  * p 0.05, ** p 0.01, *** p 0.0001 is considered significant compared to the control (Two-way ANOVA followed by "Dunnett" Multiple 
Comparison Test). p < 0.05 significant from standard. 

Figure 1.  Effect of aqueous macerate extract of B. senegalensis, aspegic and betamethasone on mouse paw edema induced by carrageenan injection 

3.4. Acetic Acid-induced Writhing in Mice 

The analgesic assay was carried out. 

 

n = 6. *** p<0.0001 indicate significance compared with the control group (one way ANOVA analysis followed by Dunnett’s test) 

Figure 2.  Analgesic effect of aqueous macerate extract of B. senegalensis and paracetamol 
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4. Discussion 

Maceration of the plant's leaf powder gave a T.H.R. of 

9.74% ± 0.05. Moisture, heat, radiation, microorganisms 

and enzymes are all factors that degrade plant material. The 

residual water content of a drug should not exceed 10%. 

This less than 10% residual water content suggests that the 

dry extract could be preserved over time with less risk of 

contamination. 

The extraction yield was 26% ± 0.2. This reflects the 

richness of the plant's leaves in polar compounds. This 

result is similar to the study by Doumma, et al. [14]. These 

similar results also testify to the reliability of the method 

used. 

The tube characterisation test revealed tannins, 

coumarins, sterol and triterpene glycosides, saponins, 

reducing compounds, flavonoids, and carotenoids in most 

plant leaves. Alkaloids, cardenolides, and anthracenosids 

were not found under our experimental conditions (Table 

1). 

Flavonoids, tannins and saponins have anti-

inflammatory activity [15]. Terpene derivatives, on the 

other hand, have non-steroidal anti-inflammatory activity. 

In particular, coumarins are thought to reduce the pain 

component of inflammation. These results are consistent 

with those of Nongonierma et al. [9], who investigated the 

anti-inflammatory activity of aqueous decoction and 

hydroalcoholic extracts of B. senegalensis leaf powder. 

The acute toxicity study examines the adverse effects of 

an agent on the organism after a single or short-term 

exposure. Acute toxicity is defined as the occurrence of 

adverse effects following oral administration of a single 

dose or multiple doses of a substance over 24 hours [16, 17] 

in O.E.C.D. Test Guideline 423, death may be delayed: the 

animal may not die or appear moribund within 48 hours, 

but may die later during the 14-day observation period. 

Assessment of acute systemic toxicity in rats given a lethal 

dose of 5000 mg per kg body weight of each extract 

resulted in no deaths or signs of toxicity after 14 days of 

observation. According to the acute toxicity classification 

method of O.E.C.D. Guideline 423 and the Globally 

Harmonized System, B. senegalensis aqueous macerate can 

be classified in the 5th toxicity class [11, 18]. Consequently, 

the LD50 value was estimated to be 5000 mg/kg body 

weight, and the extracts have a relatively low acute oral 

toxicity. Osuala et al. [19] have shown that the plant's root 

extract can be relatively non-toxic (6000 mg/kg body 

weight) after oral administration. 

In 2007, Nongonierma et al. [9] investigated the anti-

inflammatory activity of the aqueous decoction of B. 

senegalensis leaves and found an oral LD50 of 20000 mg/kg 

in Wistar rats. This suggests that the plant is relatively easy 

to handle regarding toxicity. This broad therapeutic index 

would explain its widespread use. The author of a 2013 

study reported that these leaves are used to make beer in 

Senegal [20]. However, the powdered leaves of B. 

senegalensis (Pers) Lam. Ex. Poir may be toxic to certain 

insects. A 2006 study showed that B. senegalensis leaf 

powder was toxic to Dinarmus basalis, a hymenopteran 

pest of cowpea [14]. 

Edema induced in the paw of mice by injection of 

carrageenan is used as a model to evaluate anti-edema 

activity [21]. Injection of carrageenan into the plantar 

fascia of the right hind paw of mice produced inflammatory 

edema compared to the untreated paw. Carrageenan-

induced rat paw edema involves many mediators that 

induce the inflammatory response in two distinct phases 

[22, 23]. An initial phase occurs after injection of the 

phlogogenic agent and is attributed to the action of 

mediators such as histamine, serotonin and bradykinin on 

vascular permeability [24, 25]. A delayed phase, which is 

the result of cyclooxygenase (COX)-mediated 

overproduction of prostaglandins in tissues [26, 27], can 

last more than 5 hours after carrageenan injection [28]. 

Doses of 125, 250, and 500 mg/kg of the aqueous macerate 

of B. senegalensis leaf powder significantly reduced 

inflammatory edema compared to the control lot (Figure 1). 

However, this anti-inflammatory effect was more 

significant in the early phase (1-2 h) of edema and less 

significant in the late phase (3-4 h) for all extract doses. 

This suggests the probable involvement of mediator 

pathways such as histamine, serotonin and bradykinin in B. 

senegalensis aqueous leaf macerate activity. This could be 

explained by the kinetics of COX-2, whose increase in 

concentration peaks at 1h. It would, therefore seem that the 

anti-edematous activity of the plant extract would be due to 

the specific inhibition of COX-2 [29]. These results are 

similar to those of Nongonierma et al. [9], who found 

maximum anti-oedematous activity at 1 hour with the same 

extract. However, although it seems that COX-2 plays a 

fundamental role in the inflammatory phenomenon, the 

importance of COX-1 [30]. It is possible that B. 

senegalensis extract could also inhibit one of these. 

Flavonoids target prostaglandins involved in the late phase 

of acute inflammation. Aspegic (125 mg/kg) and 

betamethasone (20 mg/kg), used as reference substances, 

also reduced paw edema in mice at lower concentrations 

than B. senegalensis. 

This method is used to study the non-morphine 

peripheral analgesic effects of many compounds [31]. 

Injection of acetic acid into the peritoneum provokes a 

painful inflammatory response in the smooth muscle. This 

inflammatory response results in the release of 

inflammatory mediators such as histamine, substance P, 

and kinins such as bradykinin, serotonin, and 

prostaglandins as a result of COX-2 stimulation. These 

mediators then stimulate peripheral nociceptive neurons. 

Doses of 50, 125, 250, and 500 mg/kg of the aqueous 

macerate of B. senegalensis leaves significantly (p<0.05) 

reduced the number of dorso-abdominal contortions 

compared to the control batch. These doses gave inhibition 

percentages of 11.53 ± 1.83, 16.70 ± 4.82, 31.71 ± 2.66 and 

52.44 ± 1.85, respectively (Figure 2). Maximum analgesic 

activity was obtained at 500 mg/kg with an inhibition 



76  Evaluation of Anti-inflammatory Activities and   

Acute Toxicity of the Leaves Aqueous Macerate of Boscia senegalensis (Pers.). Lam. Ex. Poir (Capparaceae) 

percentage of 52.44 ± 1.85. This value was lower than that 

of paracetamol 100 mg, which gave an inhibition 

percentage of 56.24% ± 1.30. On the one hand, this 

difference could be explained by the fact that we used an 

extract while the reference used a purified substance. On 

the other hand, it could be explained by the specific 

mechanism of action of paracetamol [32]. The components 

that are present in abundance in the extracts may, therefore, 

be responsible for the observed analgesic and antipyretic 

effects of B. senegalensis. For example, flavonoids are 

known to target Prostaglandins involved in late phase of 

acute inflammation and pain perception and have therefore 

been linked with analgesic, anti- inflammatory and 

antipyretic activities [33]. 

5. Conclusions 

The present study focused on the anti-inflammatory 

activity of the aqueous macerate of B. senegalensis leaf 

powder. This study did not allow us to carry out enzymatic 

anti-inflammatory tests, which would help to understand 

how the extracts work. As a result, phytochemistry 

revealed phytochemical components such as tannins, sterol 

and/or triterpene glycosides, flavonoids, saponins and 

extracts. The aqueous macerate showed significant anti-

oedematous activity on plantar edema at 50, 125, 250 and 

500 mg/kg doses, with maximum activity at 500 mg/kg. 

The aqueous macerate reduced the number of dorso-

abdominal contortions induced by acetic acid, with a 

maximum obtained at a dose of 500 mg/kg body weight. 

These results demonstrate that B. senegalensis (Pers) Lam. 

Ex. Poir has anti-inflammatory properties and very low 

toxicity due to its high LD50. This would justify its wide 

use in traditional medicine to treat numerous pathologies. 
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