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Anti-inflammatory effects of the aqueous extract of leaves of Vernonia colorata (Willd.) Drake (Asteraceae) in Wistar rats and NMRI mice


Abstract
Vernonia colorata leaves are traditionally used in Africa to treat various diseases, including inflammation. This study aimed to evaluate the anti-inflammatory effects of the aqueous extract of Vernonia colorata leaves (AEVC) on both acute and subacute inflammation models. Inducers of acute inflammation, such as dextran and carrageenan-induced paw edema in rats and mice, were used to assess the effect of the extract on this type of inflammation. Moreover, the induction of abdominal granuloma with cotton and paw edema with formalin allowed to evaluate the extract's anti-inflammatory activity in both acute and subacute settings. The results indicated that in the dextran model, AEVC produced an anti-inflammatory effect from early time points, with a maximum inhibition of 63.55 ± 6.80% at a dose of 250 mg/kg after 1.5 hours. In the carrageenan-based model, all the doses of extract significantly (p < 0.05) reduced paw edema volume, with the highest inhibition being 58.39 ± 4.23% at 250 mg/kg at 6 hours, compared with the control. For cotton pellets, fresh granuloma weight was significantly inhibited (p < 0.05) at 250 mg/kg, while dry granuloma weight showed significant reduction (p < 0.05) at 100 and 250 mg/kg compared with the control (NaCl). In formalin-induced inflammation, reductions in edema volume were statistically significant (p < 0.01) across all the doses, compared with the control. Histopathological analysis showed that treatment with the extract significantly decreased inflammatory cell infiltration and reduced formalin-induced edema. The extract would thus block the release of histamine, serotonin, and prostaglandins by preventing vascularization. These findings suggest that Vernonia colorata leaves might be beneficial in managing inflammatory diseases.
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Introduction
[bookmark: _Hlk205041781]Inflammation is a complex process which can be implemented by the body to defend itself against inflammatory agents such as infections and/or any tissue damage caused by physical, chemical, or biological stimuli (Fayez et al.,2023). It involves a sequence of cellular and vascular processes leading to the elimination of damaged tissues and the regeneration of new tissues. Furthermore, inflammation, although normal, can be damaging for the body due to the occurrence of serious pathological complications (Antwi-Adjei et al., 2022). These complications can be rheumatoid arthritis, gastrointestinal diseases, asthma, autoimmune diseases, and, consequently, functional affection. In addition, inflammation is at the origin of acute and chronic inflammatory diseases, atherosclerosis, coronary heart disease, diabetes mellitus, cancer, and many others (Newman, 2015; Penk et al., 2022). Currently, inflammatory diseases are treated with conventional synthetic drugs such as steroidal anti-inflammatory drugs (SAIDs), non-steroidal anti-inflammatory drugs (NSAIDs), and disease-modifying anti-rheumatoid drugs (DMARDs) (Mrid et al., 2022; Antwi-Adjei et al., 2022. However, these drugs cause serious adverse side effects on the human body, such as obesity, dyspepsia, gastric ulcers, kidney damage, and immunosuppression (Obiri et al., 2014). This fact encourages a large part of the population to rely on traditional therapies, which are generally based on plants, including Vernonia colorata. It belongs to Asteraceae family and can be used in traditional African medicine for the treatment of diabetes, skin rashes, acute hepatitis, and other conditions (Siaka et al., 2012). Furthermore, plants of the same genus including Vernonia auriculifera, Vernonia. zeylanica and Vernonia amygdalina shown anti-inflammatory properties (Rukshala et al., 2022, Ashenafi et al., 2024, Dejene et al., 2025). Other studies showed that Vernonia colorata leaf extract can prevent induced thrombocytopenia and increased vascular permeability (Ouedraogo et al., 2023). It has already been shown that its use does not present a risk of toxicity (Sawadogo et al., 2022). This study aimed to evaluate the acute and subacute anti-inflammatory effects of the aqueous extract of Vernonia colorata leaves (AEVC) on the induced inflammation model in mice and rats.
1. Materials and methods
1.1. Plant
The leaves of Vernonia colorata were collected in Ouagadougou (Burkina Faso). The sample was collected in August 2024 before 11 a.m. The species identification was conducted by the Herbarium of Joseph KI-ZERBO University, where a sample was preserved with the ID number: 17964 and sample number 6964.
1.2. Animal
Adult Wistar rats and NMRI mice from the animal house of Joseph KI-ZERBO University were used. These animals were kept under standard animal house conditions (temperature 22 ± 3°C, humidity 50 ± 10%, and a 12-h light/12-h dark cycle). They had free access to drinking water and food. Animal handling and treatment were carried out in accordance with the ethical standards for animal research prescribed by the Institutional Ethics Committee of Joseph KI-ZERBO University under the experimental protocol approval number CE-UJKZ/2020-04.
1.3. Preparation of the extract
Vernonia colorata leaves were washed and dried in the laboratory under artificial ventilation without sunlight and dust. A test sample of 2 x 250 g of leaf powder was placed in a 5000 mL stainless steel beaker. One thousand and five hundred milliliters (1500 mL) of distilled water were added to each sample of plant material. The homogenized mixture was then macerated at a temperature of approximately 30°C for 24 h under mechanical stirring. The resulting maceration was filtered, and the filtrates were then centrifuged at 2000 rpm for 10 min. The supernatants obtained were collected, distributed in glass crystallizing dishes, and then placed in a freezer at -18°C for 24 h before being freeze-dried. The final product obtained after freeze-drying constitutes the aqueous extract of Vernonia colorata.
1.4. Acute anti-inflammatory test
1.1.1. Dextran test
The test was carried out according to the method described by Gupta et al. (2006). Twenty-five (25) mice were divided into five groups of five animals each: Group 1 (normal) was treated with 0.9% NaCl; Group 2 (positive control) was treated with cyproheptadine (5 mg/kg bw) dissolved in 0.9% NaCl; Groups 3, 4 and 5, were treated with AEVC at doses of 50, 100 and 250 mg/kg bw respectively. All the treatments were administered orally. The initial volumes (Vo) of the paws were measured, and one hour after these treatments, edema was induced by injection under the footpad of the right hind paw of 0.1 mL of the dextran solution. The paw edemas were then measured by UGO BASILE plethysmography at intervals of 0.5, 1, 1.5, and 2 hours after injection of the dextran solution (Vt). The results were expressed as percentage inhibition of edema in the treated groups compared to the control group as follow: 
, with Pi, percentages of inhibition of edema; Vt, Volume of the paw at the time considered; V0 = Initial volume of the paw before treatment.
1.1.2. Carrageenan test
The carrageenan test was performed as described by Lanher et al. (1991). Thus, 30 rats, divided into five (5) groups of six (6), were fasted for 12 hours before the start of the test. The initial volume (Vo) of the left hind paw of each animal was measured using a UGO BASILE plethysmometer. The animals were then treated as follows: Group 1 (control) received 0.9% NaCl, and Group 2 (positive control) was treated with diclofenac (5 mg/kg bw), Groups 3, 4, and 5, were treated with AEVC at 50, 100, and 250 mg/kg bw, respectively. One hour after these treatments, each rat received a subcutaneous injection of 0.1 mL of 1% carrageenan under the plantar fascia of the right hind paw. Carrageenan-induced edema volumes were measured at 0.5 h, 1 h, 2 h, 3 h, 4 h, 5 h, and 6 h after carrageenan injection. Results were expressed as percentage inhibition of edema in the treated groups compared to the control group, as in the dextran study.
1.5. Subacute anti-inflammatory test
1.5.1. Cotton pellet test
The cotton granuloma test was performed according to the method described by Ismail et al. (1997). This involves inducing inflammation by introducing a foreign body (granuloma) under the skin of the animals, then treating them for one week. Thus, thirty-six (36) rats were fasted for 12 hours. The animals, except the first six, were anesthetized by intraperitoneal injection of 1 mL/100 g bw of a Xylazine/ketamine solution (1 mL/0.7). Two cotton balls of 10 mg each, sterilized for 24 hours at 40 ± 0.5 °C, were then inserted subcutaneously in the abdominal region, except for the rats in the normal neutral control group, which received neither induction nor treatment of inflammation. The animals were divided into six groups of 6 rats: Group 1 (normal control) was treated with 0.9% NaCl; Group 2 (negative control) was treated with 0.9% NaCl; Group 3 (positive control) was treated with diclofenac (5 mg/kg bw), Groups 4, 5 and 6 were treated with AEVC, at 50, 100 and 250 mg/kg bw, respectively. On day 8, the animals were anesthetized again, and blood was collected in EDTA tubes for blood count. The animals were then necropsied, and the granulomas were removed and weighed (fresh), then dried at 40 ± 0.5°C for 24 hours and weighed (dry). The percentage inhibition of fresh and dry granulomas was determined as follows: 
.
The monitoring also included hematological parameters such as leukocyte, red blood cell, platelet, and hemoglobin concentrations. Morphometric parameters such as the relative weights of the spleen, liver, and kidneys were monitored.
1.5.2. Formalin test
[bookmark: _Hlk204606323]The effect of AEVC on subacute inflammation was also tested using paw edema induced by injection of 0.1 ml of 2% formalin into the subplantar area of the right hind paw of mice for seven days (Dharmasiri et al., 2003). Six groups of five mice were formed: Group 1 (normal control) no induction of inflammation was treated with 0.9% NaCl, Group 2 (control) received 0.9% NaCl, Group 3 was treated with diclofenac 20 mg/kg bw; groups 4, 5 and 6, were treated with the extract 50, 100 and 250 mg/kg bw respectively. On the first day, all treatments were performed 1 hour before formalin injection. Paw thickness was measured on the 1st, 3rd, 5th, and 7th days after formalin injection. At the end of the 7th day, the mice are autopsied by cervical dislocation. The right hind paw of the animals is isolated and preserved in 10% formalin for histological sections.
1.6. Statistical analysis
Data were expressed as mean ± standard error using Excel 2016 software. GraphPad Prism 5.03 software (GraphPad Software Inc., San Diego, USA) was used for calculations of means and standard errors, statistical tests, and graphical representations. One-way analysis of variance (ANOVA I) followed by Tukey-Kramer post-hoc test was used for data comparison. The difference between values was considered statistically significant if p < 0.05.
2. Results
2.1. Dextran
The AEVC significantly inhibited paw edema volumes at 0.5 h, 1.5 h, and 2 h compared to the control. Edema inhibition was very significant (p ˂ 0.01) to highly significant (p ˂ 0.001) at the doses used, except 1 hour later, where it was non-significant (p > 0.05). Cyproheptadine reduced the increase in edema with a percentage inhibition of 73.04±3.36% from half an hour. The percentage inhibition due to the extract varied from 34.55±8.15 (the dose of 100 after 0.5 h of induction) to 63.55±6.80 (the dose of 250 after 1.5 h of induction) (Table 1).
Table 1: Effect of aqueous extract of Vernonia colorata leaves on dextran-induced edema in mice
	Times
	
	Treatments (mg/kg)

	
	Control 
	Cyproheptadine 5
	AEVC 50
	AEVC 100
	AEVC 250

	0.5 hour

	0.37±0.01

	0.1±0.01 ***
[bookmark: _Hlk203724820](73.04±3.36)
	0.22±0.02 ***
(40.38±6.80) 
	0.243±0.2 **
(34.55±8.15)
	0.165±0.2 ***
(56.06±6.24)

	1 hour

	0.24±0.02

	0.13±0.03 ns
(71.55±7.36)
	0.18±0.03 ns
(46.05±13.18)
	0.17±0.01 ns
(49.74±1.37)
	0.13±0.02 ns
(62.25±3.77)

	1.5 hour

	0.28±0.04

	0.09±0.02 ***
(63.14±8.21)
	0.13±0.03**
(52.34±15.6)
	0.11±0.01 **
(56.49±5.66)
	0.1±0.01 ***
(63.55±6.80) 

	2 hours

	0.272±0.03

	0.098±0.02 ***
(56.24±8.88)
	0.138±0.01 **
(59.6±6.38)
	0.129±0.01 **
(63.52±1.71)
	0.125±0.01 **
(52.4±6.97)


Values are expressed as mean ± standard error; n = 5. Values in parentheses represent percentages of inhibition. ns: not significant. Significant difference from control: p < 0.05 (*); p < 0.01 (**); p < 0.01 (***)
2.2. Carrageenan
From half an hour to 6 hours, all the doses of extract resulted in a significant inhibition (p < 0.05) of the volume of paw edema compared to the control. The maximum inhibition percentages observed were (51.68 ± 8.69) and (58.39 ± 4.23), at 100 mg/kg (3 hours) and 250 mg/kg (6 hours), respectively. These results are comparable to those observed with diclofenac (Table 2).
[bookmark: OLE_LINK1]Table 2: Effect of AEVC on carrageenan-induced edema in rats
	Times
	Treatments (mg/kg)

	
	Control
	Diclofenac 5
	AEVC 50
	AEVC 100
	AEVC 250

	0.5 hour

	0.44 ± 0.04

	0.21 ± 0.02***
(49.39 ± 7.73)
	0.29 ± 0.02*
(33.34 ±5.31) 
	0.28 ± 0.04 *
(32.00 ±1.22)
	0.27 ± 0.01*
 (36.23 ± 6.98)

	1 hour

	0.44 ± 0.04

	0.2 ± 0.03***
(50.25 ± 12.67)
	0.30 ± 0.01*
(29.58 ± 6.08) 
	0.23 ± 0.01 **
(44.5 6 ± 6.93)
	0.26 ± 0.02 **
(36.69 ± 9.17)

	2 hours

	0.48 ± 0.05

	0.21 ± 0.02***
(56.58 ± 3.83)
	0.28 ± 0.02**
(38.52 ± 6.57) 
	0.26 ± 0.01***
 (42.20 ± 8.44)
	0.24 ± 0.01 ***
(46.98 ± 5.98)

	3 hours

	0.49 ± 0.05

	0.18 ± 0.02***
(61.86 ± 3.40)
	0.27 ± 0.02***
(42.16 ± 9.13) 
	0.21 ± 0.02 ***
(51.68 ± 8.69)
	0.23 ± 0.01 ***
(51.04 ± 5.23)

	4 hours

	0.33 ± 0.02

	0.15 ± 0.01***
(51.46 ± 5.38)
	0.23 ± 0.01**
(26.38 ± 9.73) 
	0.18 ± 0.01 ***
(42.09 ± 8.40)
	0.18 ± 0.01 ***
(43.38 ± 5.04)

	5 hours

	0.33 ± 0.01

	0.14 ± 0.01 ***
(57.21 ± 5.21)
	0.22 ± 0.01**
(32.11 ± 6.56)
	0.20 ± 0.01 ***
(38.66 ± 5.97)
	0.17 ± 0.03 ***
(47.98 ± 10.52)

	6 hours

	0.31 ± 0.02

	0.11 ± 0.01***
(60.25 ± 8.09)
	0.23 ± 0.01*
(25.03 ± 4.14)
	0.15 ± 0.01 ***
(49.43 ± 6.21)
	0.12  0.01 ***
(58.39 ± 4.23)


Values are expressed as mean ± standard error; n = 6. Values in parentheses represent percentages of inhibition. Significant difference from control: p < 0.05 (*); p < 0.01 (**); p < 0.01 (***)
2.3. Cotton pellet
2.3.1. Weight of fresh and dry granulomas
Fresh granuloma weight was significantly inhibited (p < 0.05) by EAVC at the dose of 250 mg/kg and by diclofenac at the dose of 5 mg/kg (p < 0.001). Inhibition of granuloma weight was non-significant (p > 0.05) at the doses of 50 and 100 mg/kg. The percentages of inhibition due to EAVC were significantly (p < 0.01) lower than those of diclofenac (Figure 1A).
The weight of dry granulomas was inhibited significantly (p ˂ 0.05) and very significantly (p ˂ 0.01), at the doses of 100 and 250 mg/kg bw of the extract, respectively. The dose of 50 mg/kg resulted in an inhibition of dry granuloma weights, but not significantly (p > 0.05). Compared with the positive control (diclofenac), the percentages of inhibition due to the extract at the doses of 50 and 100 mg/kg were significantly lower (p ˂ 0.05) than that induced by diclofenac (Figure 1B)
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[bookmark: _Hlk204165472]Figure 1: Effects of aqueous extract of Vernonia colorata leaves on cotton-induced fresh (A) and dry (B) granuloma weight and inhibition percentages. Values are expressed as mean ± standard error; n = 6. Significant difference from control (NaCl 0,9%): p < 0.05 (*); p < 0.01 (**); p < 0.01 (***). Significant difference from diclofenac (NaCl): p < 0.05 (≠); p < 0.01 (≠≠); p < 0.01 (≠≠≠); ns: not significant.
2.3.2. Relative weights of organs
The relative weight of the spleen increased very significantly (p ˂ 0.01) and significantly (p ˂ 0.05) at doses of 50 and 100 mg/kg bw of the extract, respectively, compared to the control. The increase was not significant (p > 0.05) at the dose of 250 mg/kg of the AEVC and diclofenac. Compared to the normal control, the increase in the relative weight of the spleen, at all the doses of the extract, was highly significant (p ˂ 0.001) (Figure 2A). The relative weight of the liver did not vary significantly (p > 0.05) compared to the normal, nor compared to the control (Figure 2B). Compared to the control, no significant variation (p > 0.05) in the relative weight of the kidneys was observed. Similarly, when compared to normal control, except for the 250 mg/kg dose, the relative kidney weight decreased significantly (p ˂ 0.05) (Figure 2C).
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Figure 2: Effects of aqueous extract of Vernonia colorata leaves on the relative weights of spleen (A), liver (B), and kidney (C) after cotton granuloma-induced inflammation. Values are expressed as mean ± standard error; n = 6. Significant difference from control: p < 0.05 (*); p < 0.01 (**); p < 0.01 (***). Significant difference from normal: p < 0.01 (≠≠); p < 0.01 (≠≠≠); ns: not significant.
2.3.3. Hematological parameters
The number of white blood cells increased significantly (p ˂ 0.001) at doses of 100 and 250 mg/kg of the extract compared to the normal control. The increase was not significant at the dose of 50 mg/kg of the extract (p > 0.05). The variation in the number of red blood cells, blood platelets, and hemoglobin level were non-significant (p > 0.05) compared to normal and control (Table 3).
Table 3: Effects of aqueous extract of Vernonia colorata leaves on blood cell count variation in the cotton pellet inflammatory model in rats 
	Cells
	Treatments (mg/kg)

	
	Normal
	Control
	Diclofenac 5
	AEVC 50
	AEVC 100
	AEVC 250

	WBC 
(103 /μL) 
	1.26 ± 0.14
	3.9 ± 0.38***
	3.01 ± 0.45*
	2.65 ± 0.26 ns
	3.58 ± 0.49***
	4.46 ± 0.24*** 

	RBC 
(106 /μL)
	7.12 ± 0.22
	7.09 ± 0.10 ns
	7.19± 0.11 ns
	7.15 ± 0.23 ns 
	7.07 ± 0.20 ns
	7.27 ± 0.21 ns

	HGB 
(g/dL) 
	13.52 ± 0.44 
	13.12 ± 0.28 ns 
	12.48 ± 0.39 ns 
	12.93 ± 0.32 ns 
	12.78 ± 0.25 ns 
	13.67 ± 0.35 ns

	Plt
(103 /μL) 
	604.3 ± 34.1
	756.8 ± 45.64 ns
	834.2 ± 52.24 ns
	645.7 ± 60.5 ns
	777.7 ± 68.4 ns
	680± 17.9 ns


WBC: White blood cells; RBC: Red blood cells; HGB: Hemoglobin; Plt: Platelets. Values are expressed as mean ± standard error; n = 6. Significant difference from normal: p < 0.05 (*); p < 0.01 (***).; ns: not significant.
2.4. Formalin
2.4.1. Effects of aqueous extract of Vernonia colorata leaves on formalin-induced inflammation
One hour after formalin-induced inflammation, paw edema volumes were significantly inhibited (p < 0.001) at all the doses of the extract compared to the control (NaCl). However, the percentage of inhibition did not change significantly (p > 0.05) compared to diclofenac.
Three days after inflammation induction, paw edema volumes were highly significantly inhibited (p < 0.01) at the doses of 50 and 100 mg/kg of the extract, and highly significantly (p < 0.001) at the dose of 250 mg/kg. The percentage inhibitions were significantly lower (p < 0.01) at the dose of 50 and 100 mg/kg of the extract compared to diclofenac.
Five days and seven days after induction, the extract at all the doses resulted in a significant inhibition (p ˂ 0.001) of paw edema volumes compared to the control. The inhibition percentages were significantly (p ˂ 0.05) lower compared to those caused by diclofenac (Figure 3).

Figure 3: Effects of aqueous extract of Vernonia colorata leaves on formalin-induced chronic inflammation in mice. Values are expressed as mean ± standard error; n = 5. Significant difference from control (NaCl): p < 0.01 (**); p < 0.01 (***). Significant difference from diclofenac: p < 0.05 (≠); p < 0.01 (≠≠).
2.4.2. Effect of aqueous extract of Vernonia colorata leaves on the histological structure of the legs
Histopathological examination of paw tissues from the normal control group showed normal tissues without lesions (Figure 4A). However, tissues from mice treated with formalin alone revealed significant edema characterized by epithelial and connective tissue bullae with infiltrated inflammatory cells, epithelial layer loosening, and neutrophil accumulation (Figure 4B). In contrast, tissues from mice treated with the extract showed mild edema and small layer loosening (Figure 4D and E). The histological changes related to inflammation showed a significant decrease in edema as well as inflammatory cell infiltration at the dose of 250 mg/kg dose of AEVC (Figure 4F).
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Figure 4: Effect of aqueous extract of Vernonia colorata leaves on histopathological structure of mouse paw in formalin-induced inflammation model. A: Normal control paw tissues (normal epidermis, deep dermis and subcutaneous tissues without lesions); B: The group treated with formalin alone showed marked cutaneous hyperkeratosis with epithelial proliferation, subcutaneous tissues showed inflammatory cell infiltration, edema; D and E: The group treated with the extract at 50 and 100 mg/kg respectively (deep dermis and subcutaneous tissues with slight inflammatory cell infiltration, small edema); F: The group treated with the extract at 250 mg/kg: marked reduction of paw tissue lesions, most of the histological changes were minimized and judged negligible compared with the group treated with formalin alone. a: neutrophils, b: edema, c: vessels. H&E staining, magnification × 100.
3. Discussion
Inflammation is a natural reaction of the body to an attack, whether physical (injury), chemical (burn), or infectious (bacteria, viruses). Dextran-induced paw edema is a model characterized by increased vascular permeability, kinin activation, and mast cell degranulation, resulting in the release of histamine and serotonin, and leading to edema with low neutrophil and carrageenan-contrasted protein (Lo et al., 1982; Da et al., 2024). Once released, histamine and serotonin act rapidly on blood vessels, triggering vasodilation with consequent increased blood flow to the injured area (Lee et al., 2018; Ramos et al., 2020). Furthermore, histamine, a potent vasodilator and main mediator involved in the initial phase of inflammation, increases the permeability of blood vessels by acting on microcirculation (Andrade et al.,2007; Linardi et al., 2002). Serotonin, released mainly by mast cells and platelets, is also involved in this process. It induces edema and plasma extravasation during acute inflammation (Badilla et al., 2007). In the present study, the aqueous extract of Vernonia colora leaves significantly inhibited the increase in the volumes of paw edema induced by dextran. Its anti-inflammatory action could therefore be justified by the inhibition of the synthesis and/or the release of mediators involved in the inflammatory process, such as serotonin, histamine, and consequently the reduction of vasodilation, and demonstrating an anti-edematogenic activity. Therefore, the extract would have antihistamine and antiserotonergic properties.
Carrageenan-induced inflammation is widely used as an in vivo model of acute inflammatory response to determine the anti-inflammatory activities of plant extracts (Sini et al., 2010; Ou et al., 2019). The anti-edema effect of carrageenan is a biphasic process (Gupta, 2009). The first phase (1–3 h after administration) is mediated by histamines, serotonins, and kinins. Prostaglandins (PGs) appear to be the mediators of the second phase (3–5 h after administration) (Brooks and Day, 1991). In the present study, carrageenan injection caused paw edema, as already shown by previous studies, including those of Oliveira et al. (2019) and Da et al. (2024). Furthermore, AEVC significantly inhibited the effects of carrageenan, an inhibition similar to that of diclofenac. Therefore, the extracts and diclofenac appear to be able to inhibit carrageenan-induced paw edema in the first and second phases, suggesting that the extract may inhibit the release of histamine, serotonin, and prostaglandins. Thus, by directly neutralizing histamine through mast cell degranulation, AEVC may have an antihistamine property. Also, the anti-edema effect of the extract continued significantly in the second phase of edema formation. The extract appears to inhibit cyclooxygenase enzymes involved in prostaglandin formation. These results corroborate those of Oliveira et al. (2019) and Asante et al. (2019), who respectively showed that the ethanolic extract of Vernonia polysphaera and ethanolic extracts of young and old leaves of Vernonia amygdalina decreased carrageenan-induced paw edema in mice by reducing the action of inflammatory mediators.
Granuloma formation, occurring through the development of proliferative cells, occurs in chronic disease or due to failure of the acute response to clear pro-inflammatory agents. The transudative and proliferative components of chronic inflammation are due to neutrophil infiltration, fibroblast proliferation, exudation and angiogenesis, and protein leakage (Posadas et al., 2004; Kahn and Solomon, 2007; Alshehri et al., 2023). In cotton granuloma tests, diclofenac and the extract at doses of 100 and 250 mg/kg significantly decreased the weights of fresh and dry granulomas compared to those of normal control animals. The ability of EAVC to attenuate subacute inflammatory processes could be attributed to its ability to attenuate the formation of granulomatous tissue. This formation is associated with the migration and proliferation of various types of immune cells (neutrophils, fibroblasts, and macrophages) as well as the multiplication of small blood vessels (Zakaria et al., 2011). Thus, AEVC would inhibit the increase in the number of fibroblasts and the synthesis of collagen and mucopolysaccharides during the formation of granuloma tissue (Mazumder et al., 2003). By significantly reducing granuloma formation, its mechanism would be anti-inflammatory action via the attenuation of inflammatory cell infiltration, fibroblast proliferation, angiogenesis, and exudation (Lu et al., 2024). Furthermore, the extract caused a significant increase in relative spleen weight at doses of 50 and 100 mg/kg compared to the control. Indeed, the spleen is a lymphoid organ that stores lymphocytes and monocytes, ensuring the protection of the body. According to Bronte and Pittet (2014), certain infections can induce a splenic accumulation of monocytes and neutrophils. This accumulation of cells would be at the origin of the increase in the relative weight of the spleen in this study and suggests that AEVC would promote the recruitment of macrophages and neutrophils in the spleen (Li et al., 2017). This would demonstrate the involvement of the spleen in the control of infection via the regulation of the formation and destruction of blood cells. AEVC would stimulate the function of the spleen in the control of infection.
Cotton granulomas induced an increase in the number of leukocytes in the control group and the 100 and 250 mg/kg doses of the extract. This increase could be explained by the increase in the volume of the spleen, which also contributes to the supply of leukocytes and platelets to the general circulation as part of the "fight or flight" response to stressors (Shephard, 2015).
The results obtained were confirmed by histopathological results, which showed that treatment with the extract significantly decreased inflammatory cell infiltration and reduced edema, just like diclofenac. Treatment for one hour before the induction of inflammation and for one week attenuated the histopathological features of edema, inflammatory cell infiltration, and neutrophils. A previous study showed that macrophages secrete inducible nitric oxide synthase (iNOS), which is involved in the production of large amounts of nitric oxide (NO) (Ignarro, 2002). These authors suggested that neutrophil adhesion to endothelial cells is mediated by NO. The EAVC-treated groups showed extract exhibited a significant reduction in neutrophils, indicating low NO production. This suggests a decrease in mast cells, which in turn indicates a reduced ability of the extract. This reduction is likely due to the ability of the extract to suppress mast cells. This reduction in neutrophils, in turn, suggests a decrease in mast cells, thereby demonstrating the extract's ability to reduce inflammation. It is important to note that previous studies have shown the presence in the extract of coumarin polyphenols and triterpenoids, bioactive compounds capable of modulating the proliferative phase of inflammation in animal models, thus exhibiting anti-inflammatory effects (Mohammad et al., 2015)
Conclusion 
The objective of this study was to evaluate the acute and subacute anti-inflammatory effects of the aqueous extract of Vernonia colorata leaves on the induced inflammation model in mice and rats. The AEVC exhibited acute and subacute anti-edema effects, leading to a reduction in paw edema volumes and inflammatory cell infiltration, as well as a decrease in edema and neutrophils. These results support the use of Vernonia colora leaves in traditional medicine for the management of inflammatory diseases. However, further research is needed to determine the anti-inflammatory mechanism of the aqueous extract of Vernonia colorata leaves.
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