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Cytokine Inhibition of Il-6 and TNF- α Accounts for The Amelioration of Cotton 

Pellet-Induced Tissue Granuloma Formation in Sprague-Dawley Rats by The 

Aqueous Ethanolic Stem Bark Extract of Bombax costatum Pellegr and Viullet 
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ABSTRACT  

Background: Medicinal plants are known to possess certain 

biological activities. Bombax costatum is used traditionally to 

treat pain, wounds, and other diseases.  Aim: This study aims to 

investigate the antiproliferative effect of 70 % aqueous ethanol 

extract of Bombax costatum P.V. stem bark on cotton pellet 

tissue granuloma formation. Methods: The effects of Bombax 

costatum (EBC) extract (10-100 mg/ kg, p.o) were studied in 

cotton pellet-induced granuloma tissue formation. Either 

normal saline (1 ml), dexamethasone (3.0 mg/ kg, p.o), or EBC 

(10-100 mg/ kg, p.o) was administered. Furthermore, the effect 

of Bombax costatum (EBC [10-100 mg/ kg, p.o]) on serum 

cytokine levels of IL-6 and TNF-α was assessed using ELISA 

kit assay analysis. Haematological analysis and spleen weight 

analysis was also carried out. Results: EBC (10-100 mg/ kg, 

p.o) decreased the serum cytokine levels of IL-6 and TNF-α 

significantly from 38.6±3.28 pg ml-1 and 85.21±4.11 pg ml-1 to 

26.3±1.80 pg ml-1, 24.22±1.92 pg ml-1, 17.99±2.08 pg ml-1
, and 

70.35±2.45 pg ml-1, 63.19±4.05 pg ml-1, 49.89±2.33 pg ml-1 at 

10, 50 and 100 mg/ kg respectively in a dose-dependent when 

compared to the control respectively (P˂0.05).Conclusion: The 

aqueous ethanolic stem bark extract of Bombax costatum 

attenuated cotton pellet-induced granuloma tissue formation 

and thus, exhibited inhibitory effects on the inflammatory 

response. 

 

Meshack Antwi-Adjei1, Ernest Obese2, George 

Owusu3* 

1Department of Pharmacology, School of Medical 

Sciences, University of Cape Coast, Ghana 

2Department of Pharmacotherapeutics & Pharmacy 

Practice, School of Pharmacy and Pharmaceutical 

Sciences, University of Cape Coast, Ghana 

3Department of Medical Laboatory Sciences, University of 

Energy and Natural Resources, Ghana 

Submitted:  28 July 2022 

Accepted:   18 September 2022 

Published:  30 October 2022 

 

 



www.ijppr.humanjournals.com 

Citation: George Owusu  et al. Ijppr.Human, 2022; Vol. 25 (3): 424-436. 425 

1.0 INTRODUCTION 

Inflammation is the body’s response to injury caused by infections, chemical or thermal 

stimuli, or autoimmune disorders [1]. An inflammatory response is a complex reaction 

triggered by an array of mediators through a series of cellular pathways [2]. While acute 

inflammation is self-limiting, a dysregulated inflammatory response can develop with chronic 

inflammation, which can lead to asthma, cardiovascular disease, rheumatoid arthritis, and 

other immune-inflammatory diseases, as well as organ failure [3]. Presently, inflammatory 

diseases are treated using conventional drugs such as nonsteroidal anti-inflammatory drugs 

(NSAIDs), steroidal (glucocorticoids), and disease-modifying anti-rheumatoid drugs 

(DMARDs). The usage of these drugs beyond their therapeutic benefits is associated with 

several adverse effects including gastrointestinal tract disorders, obesity, and 

immunosuppression [4]. It is therefore imperative to search for a newer and alternative source 

of managing inflammatory diseases. 

The plant Bombax costatum Pellet &. Vuilet. (Bombacaceae) is also known as the red-

flowered silk cotton tree. It is widely distributed in the savanna dry woodlands from Senegal 

to central Africa, from Guinea across Ghana, and Nigeria to southern Chad. This plant has 

been used traditionally to treat numerous diseases including trichomoniasis, amoebiasis, 

oedema, and skin diseases; the root is used to treat epilepsy; leaves to manage fever, 

leucorrhoea, diarrhea, convulsions, and jaundice [5]. However, there is no literature reported 

on the effects of the stem bark of Bombax costatum extract on the inflammatory response to 

support its traditional use in the management of inflammatory disorders. Consequently, as 

part of our continuous research into selected medicinal plants, the present study is aimed at 

evaluating the antiproliferative effects of the aqueous ethanolic stem bark extract of Bombax 

costatum P.V on cotton pellet-induced tissue granuloma formation in Sprague-Dawley rat. 

The most appropriate strategy for testing the efficiency of medications against the 

proliferative phase of inflammation is to use cotton pellets to induce granuloma development 

[6]. 
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2.0 MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Preparation of plant extract 

The stem bark of Bombax costatum was collected from Nkawkaw in the Eastern Region of 

Ghana between February and April 2019. The bark was subsequently authenticated at the 

Department of Herbal Medicine, Kwame Nkrumah University of Science and Technology, 

and a voucher specimen KNUST/HM1/2019/WP006 was deposited in the herbarium of the 

Department of Herbal Medicine, KNUST. Aqueous ethanol extract of the stem bark of the 

plant was prepared by air-drying the freshly chopped stem bark for 14 days, after which it 

was milled into a coarse powder using a hammer mill (DF-15, DADE, 15 kg/h-110v, HXJQ, 

China). Subsequently, 500 g of the powder was extracted by cold maceration in 2.0 L of 70% 

(v/v) ethanol for 72 h, after which the supernatant was decanted and filtered. The filtrate was 

then concentrated at 60 °C under low pressure in a rotary evaporator (RE-LA-5, LAB-GENI, 

China), to obtain a dark-brown liquid which was evaporated to dryness in an oven (MOV-

112PE, HXJQ, Panasonic, China) at 60 °C over 24 h. The semisolid concentrate was stored in 

a desiccator to remove excess moisture. A final percentage yield of 8.76 % (w/w) was 

obtained. The extract was freshly reconstituted in 2% w/v tragacanth mucilage (dissolved in 

normal saline) before administration, herein referred to as aqueous ethanol extract of Bombax 

costatum (EBC). 

2.1.2 Animals 

Sprague Dawley rats (200-250 g) of both sexes were purchased from the Center for Plant 

Medicine Research, Mampong-Akwapim, Ghana. All animals were housed in the Animal 

Facility of the Department of Pharmacology, KNUST. Following the Animal Welfare 

Regulations and the Public Health Service Policy on Humane Care and Use of Laboratory 

Animals (PHS 2002), all animals used in this study were humanely handled throughout the 

experimental period. The study was conducted with the approval of the Department of 

Pharmacology, KNUST Ethics Committee. The animals were randomly grouped (n=5), 

housed in stainless steel cages (34 cm × 47 cm × 18 cm) with softwood shavings as bedding, 

and were fed with a normal commercial pellet diet (GAFCO, Tema, Ghana). All animals 

were given access to water ad libitum. The animals were allowed enough time to acclimatize 

to the new environment and were maintained at a room temperature of 26 ± 2 °C in a 12 h 
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light-dark cycle. Each animal was used only once and at the end of each experiment, all 

animals were euthanized. 

2.1.3 Chemicals and Reagents 

Dexamethasone (Pharm-Inter, Brussels, Belgium), IL-6 and TNF-α ELISA kits (Boster, CA, 

USA). 

2.2 Method 

2.2.1 Cotton pellet tissue granuloma formation in rats 

The antiproliferative effect of EBC was assessed using cotton pellet-induced granuloma 

tissue formation in rats. Inflammation was induced using sterilized cotton pellets with a 

method earlier described by Swingle and Shideman (1972). Briefly, rats (200-250 g, n=5) 

were divided into six (6) groups, allowed to fat overnight, and anesthetized by intraperitoneal 

injection of pentobarbital (20 mg/ kg) in the groin region of the skin shaved and disinfected 

with 70 % ethanol. An incision was made at the groin area and using blunt forceps, 

subcutaneous tunnels were formed into which sterilized cotton pellets (40 ± 1 mg) were 

implanted bilaterally on both sides. The incisions were closed subsequently with sutures. 

After recovering from anesthesia, rats were treated starting from day 0 with; 

Group I (naïve) received only normal saline (1 ml, p.o, daily) for 7 days. 

Group II (negative control) received 1 ml of normal saline daily for 7 days. 

Group III was treated with Dexamethasone (3 mg/ kg, p.o, daily) for 7 days. 

Group IV-VI (EBC-treated group) received 10-100 mg/ kg (daily, p.o) of EBC for 7 days. 

The rats were monitored for 7 days and sacrificed on the 8th day by cervical dislocation. The 

pellets were removed (along with granular tissue formed around) and freed from extraneous 

tissue, weighed immediately for wet weight. Then, the pellets were dried in an incubator at 

60°C for 24 h to obtain a constant dry cotton pellet weight. The exudate weight (mg) was 

determined as the difference between the wet and dry weights of cotton pellets. The 

granuloma formation is considered the mean weight of granuloma tissue formed by 

subtracting ((40 ± 1 mg) from the dry weight of each cotton pellet. The percentage mean 

change of granuloma formation was calculated using the formula: 
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% change of granuloma formation =  

Where Wc is the difference in pellet weight of the control group and Wt is the difference in 

pellet weight of the treated group. 

Total tissue granuloma formed during the 7 days was determined as the area under the time-

course curve (AUC). The percentage inhibition of the total tissue granuloma was calculated 

using the formula: 

% Inhibition of tissue granuloma =  

The effect of EBC on cotton pellet tissue granuloma formation was assessed by the following 

clinical parameters; haematological study, spleen weight/ 100 g of body weight, and serum 

cytokine levels of IL-6 and TNF-α using ELISA.  

2.2.1.1 Haematological analysis 

Blood samples were collected into EDTA tubes before and after the experiment for whole 

blood count using an automated heam analyzer (HP-HEMA6500A, Zhengzhou Hepo 

International Trading Co. Ltd, Henan, China). 

2.2.1.2 Spleen weight/ 100 g of body weight of rats 

Animals were sacrificed by cervical dislocation and the spleens were removed. The weight of 

the spleen for each rat in the treatment groups was measured and recorded. 

2.2.1.3 Serum cytokine of IL-6 and TNF-α levels determination 

Blood samples were collected into vacuum container gel and activator tubes and allowed to 

clot at room temperature. The blood samples were then centrifuged (model: 5415C, Medizin 

& Labortechnik GmbH, Schnakenberg, Germany) at × 1000 g for 15 min. Sera formed were 

aliquot into Eppendorf tubes and stored at -20 ℃ before analysis. Serum levels of the 

cytokines (IL-6 and TNF-α) were measured in duplicates with an appropriate rat ELISA kit 

per the protocol outlined by the manufacturer.  

2.3 DATA ANALYSIS 

All data are presented as the mean ± SEM (n=5). All data were analyzed using one-way 

ANOVA followed by Dunnett’s post hoc test. P<0.05 was considered statistically significant. 
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All graphs were plotted using GraphPad Prism for windows version 7.0 (GraphPad Software, 

San Diego, CA, USA). 

3.0 RESULTS 

3.1 Effect of EBC on cotton pellet tissue granuloma formation 

Chronic inflammation was induced by implanting two sterilized cotton pellets weighing 40 ± 

1 mg bilaterally in the subcutaneous layer of the groin region of each rat. The cotton pellets 

were removed on day 8 after the observation period and weighed immediately (Fig. 1). In the 

study, the exudate amount (Fig 1) recorded for the control was 4.27±0.15 mg (Table 1). EBC 

(10-100mg/ kg) significantly (P˂0.05) reduced the mean exudate amount (Fig. 1) to 

2.63±0.18 mg, 2.46±0.11 mg, and 2.18±0.19 mg at 10, 50, and 100 mg/ kg when compared to 

the control respectively (Table 1) with corresponding percentage inhibition of 36.75 %, 45.32 

% and 54.82 % at the same doses (Table 1). The granuloma tissue formed at the end of the 

study was 2.00 ± 0.05 mg (Table 1). From the study, EBC (10-100mg/ kg) significantly 

(P˂0.05) decreased the granuloma tissue formation to 1.45±0.05 mg, 1.19±0.15 mg, and 

1.00±0.05 mg at 10, 50, and 100 mg/ kg when compared to the control respectively (Table 1) 

with respective percentage inhibition of 34.09 %, 45.71 % and 54.55 % at the same doses 

(Table 1). 

  

 

 

 

 Control Dexamethasone (3 mg/ kg) 

EBC (10 mg/ kg) EBC (50 mg/ kg) 
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Figure 1. Photographs of cotton pellets removed from rats with various treatment groups in 

cotton pellet-induced granuloma tissue formation. Sterilized cotton (40 ± 1 mg) was 

implanted bilaterally into the subcutaneous tissue of the abdomen of Sprague-Dawley rats 

(200-250 g, n=5). Cotton pellets were removed and weighed immediately for wet weight. 

Table 1. Effect of EBC on granuloma tissue formation in rats. 

GROUP 
Exudate weight/ 

(mg) 
% Inhibition  

Granuloma tissue 

formation (dry 

weight)/ mg 

% Inhibition  

Control 4.27±0.15 - 2.00 ± 0.05 - 

Dexamethasone     

3.0 mg/ kg 1.99±0.30** 53.49 % 0.88±0.10*** 60.10 % 

EBC     

10 mg/ kg 2.63±0.18* 38.35 % 1.45±0.05* 34.09 % 

50 mg/ kg 2.46±0.11* 42.41 % 1.19±0.15** 45.71 % 

100 mg/ kg 2.18±0.19** 49.02 % 1.00±0.05*** 54.55 % 

Data presented as mean ± SEM (n=5). P˂0.05 compared to the control-treated group (One-

way ANOVA followed by Dunnet post hoc test). 

3.2 Haematogical analysis of EBC effects on cotton pellet tissue formation 

Whole blood assessment for the treatment group was done on both days 0 and 8 of the 

observation period. In the study, EBC (10, 50, and 100 mg/ kg, p.o) showed no significant 

(P˂0.05) changes in the haematological parameters (on day 0) when compared to the control 

(Table 2). On the 8th day, however, EBC significantly (P˂0.05) decreased WBC levels at the 

inflammatory site from 3.01±0.05 (×103/ μL) to 5.29±0.58, 4.9±0.12 and 4.3±0.29 (×103/ μL) 

at 10, 50, and 10 when compared to the control group respectively (Table 2).  

EBC (100 mg/ kg) 
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Table 2. Effect of EBC on haematological parameters in cotton pellet-induced 

granuloma formation in Sprague-Dawley rats. 

  DAY 0    DAY 8   

 

WBC 

(×103/ 

μL) 

HCT % 
RBC 

(×10-6/ μL) 

HGB 

(g dL-1) 

WBC 

(×103/ μL) 
HCT % 

RBC 

(×10-6/ μL) 

HGB 

(g dL-1) 

 

Control 

 

5.83±0.15 53.73±2.52 9.13±0.54 14.97±0.22 7.40±1.25 38.20±7.50 6.20±0.43 11.77±0.73 

Dexamethasone         

3.0 mg/ kg 5.50±0.23 52.47±2.21 8.01±0.21 14.74±0.15 
3.01±0.05*

** 
38.90±1.44 7.21±0.14 13.07±0.15 

EBC         

10 mg/ kg 6.76±0.50 49.70±1.55 8.23±0.36 14.27±0.12 5.29±0.58* 42.10±2.19 7.66±0.34 12.43±0.98 

50 mg/ kg 6.40±0.53 52.03±1.74 8.04±0.15 14.73±0.28 4.91±0.12* 38.50±0.50 7.59±0.45 12.07±0.44 

100 mg/ kg 5.61±0.32 48.63±1.16 8.31±0.31 14.57±0.23 
4.36±0.29*

* 
40.50±2.86 7.54±0.56 12.53±1.05 

Cotton pellets (40 ± 1 mg) were implanted subcutaneously (bilateral) in the groin regions of 

rats. Either drug vehicle, dexamethasone (3.0 mg/kg, p.o, daily) or EBC (10-100 mg/ kg, p.o, 

daily) was administered daily for 7 consecutive days. The blood sample was collected on the 

8th day and a full blood count was carried out. Data presented as mean ± SEM (n=5) (P˂0.05) 

compared to the control-treated group using one-way ANOVA followed by Dunnet post hoc 

test. 

3.3 Spleen weight/ 100 g of body weight of rats 

The weight of the spleen/ 100 g of body weight of the rats was measured in each treatment 

group. In the study, the total weight of the spleen/100 g of body weight for the control was 

0.93 ± 0.02 g (Table 3). BCE (10-100mg/ kg) reduced the total spleen weight significantly to 

0.81 ± 0.01 g, 0.79 ± 0.01 g, and 0.73 ± 0.02 g at 10, 50, and 100 mg/ kg compared to the 

control respectively (Table 3). 
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Table 3. Effect of EBC on spleen weight/ 100 g of body weight of rats on granuloma 

tissue formation in Sprague-Dawley rats. 

Groups Spleen weight/ 100 g of body weight 

Control 0.93 ± 0.02 

Dexamethasone (3.0 mg/ kg) 0.67 ± 0.03 *** 

EBC  

10 mg/ kg 0.81 ± 0.01 ** 

50 mg/ kg 0.79 ± 0.01 ** 

100 mg/ kg 0.73 ± 0.02 *** 

Cotton pellets (40 ± 1 mg) were implanted subcutaneously (bilateral) in the groin regions of 

rats. Either drug vehicle, dexamethasone (3.0 mg/kg, p.o, daily) or EBC (10-100 mg/ kg, p.o, 

daily) was administered daily for 7 consecutive days. The blood sample was collected on the 

8th day and a full blood count was carried out. Data presented as mean ± SEM (n=5). 

*P<0.05; **P<0.01; ***P<0.001 compared to the control group using one-way ANOVA 

followed by Dunnet’s post hoc test.  

3.4 Effect of BCE on serum IL-6 and TNF-α levels 

Bilateral implantation of sterilized cotton pellets in the subcutaneous layer of the groin region 

of the rat's induced inflammation. Stimulation of certain antibodies activates the migration of 

plasma cells such as neutrophils, which activate the release of cytokines such as IL-6, TNF-α, 

interferon γ, and other mediators. In the study, serum cytokine levels of IL-6 and TNF-α were 

determined using ELISA.  In the study, the mean serum levels of IL-6 and TNF-α for the 

control group were 41.79±2.18 pg ml-1 and 90.81±6.07 pg ml-1 respectively (Fig. 2 A and B). 

EBC (10-100mg/ kg) exhibited a significant (P˂0.05) reduction of the mean serum levels of 

IL-6 (41.79±2.18 pg ml-1) to 26.43±4.35 pg ml-1, 22.85±2.92 pg ml-1 and 18.88±2.46 pg ml-1 

at 10, 50 and 100 mg/ kg in a dose-dependent manner when compared to the control 

respectively (Fig. 2A). Similarly, EBC reduced the mean serum levels of TNF-α (90.81±6.07 

pg ml-1) significantly (P˂0.05) to 43.51±8.21 pg ml-1, 36.91±14.07 pg ml-1 and 27.42±12.19 

pg ml-1 at 10, 50 and 100 mg/ kg when compared to the control group respectively (Fig. 1B). 
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Figure 2: Effect of EBC on the total serum cytokine levels of IL-6 (A) and TNF-α (B) in 

cotton pellet-induced tissue granuloma formation in Sprague-Dawley rats. Data 

presented as mean ± SEM (n=5). P˂0.05 compared to the control-treated group (One-

way ANOVA followed by Dunnet post hoc test). 

4.0 DISCUSSION 

In this study, the aqueous ethanolic stem bark extract of Bombax costatum was regarded as a 

potential antiproliferative agent based on its use in folkloric medicine for the management of 

several diseases. The antiproliferative effect of Bombax costatum on cotton pellet-induced 

granuloma tissue inflammation was scientifically investigated and validated.  

It has been reported that a key characteristic model of chronic inflammatory response is 

cotton pellet-induced granuloma tissue formation [7]. The cotton pellet-induced granuloma 

tissue formation test is an inflammatory model widely used to assess the antiproliferative 

activity of agents capable of managing chronic inflammation [8]. The implantation of 

sterilized cotton pellets subcutaneously in rats undergoes three stages of the inflammatory 

response: 1) the first stage, a transudative stage, occurs during the first 3 h in which leaked 

fluid from blood vessels containing low protein caused by increased vascular permeability, 2) 

and exudative stage that occurs between 3-72 h post-implantation of the cotton pellet and 3) 

the final stage is the proliferative stage that occurs between 3-6 days resulting in the 

formation of granuloma tissue due to the release of inflammatory mediators [9]. The 

proliferative phase is quantified as the increase in dry weight of granuloma tissue formation 

[2], While the moist wet weight of the pellets correlates with the transudative phase [10]. The 
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cotton pellet is known to stimulate the immune system to produce antibodies and 

proinflammatory mediators including cytokines such as interleukins (IL-1, IL-6) and tumor 

necrosis factor-alpha (TNF-α).  

Consequently, this results in the formation of granuloma tissue and the proliferation of 

lymphocytes [11, 12]. Furthermore, it has been shown that during angiogenesis, produced 

inflammatory cells deliver more oxygen and nutrients to the site of inflammation, assisting in 

the creation of granuloma tissue [13]. Thus, suppression of the proliferative phase is an 

indication of a possible decrease in the production of fibroblasts, cell infiltration, interleukins, 

kinins, synthesis of collagen, and monopolysaccharides during granuloma tissue formation  

[9, 14]. In the study, Bombax costatum extract significantly exhibited a reduction of both the 

dry weight and wet weight of granuloma tissue formation at the site of inflammation, which 

is an indication of its inhibitory effects on both the transudative and proliferative stages of 

chronic inflammation and this is consistent with previous reports [8, 15]. Furthermore, 

Bombax costatum extract significantly downregulated the gene expression of the 

proinflammatory cytokines, IL-6 and TNF-α, and suppressed cell infiltration. This was 

supported by our earlier findings in this study where Bombax costatum extract significantly 

decreased serum levels of IL-6 and TNF-α, and this is in agreement with other previous 

reports [16].  

To explain the blood-related effects of plant formulations, haematological parameters are 

critical for assessment [17]. The evaluation of these blood indicators presents any clinical risk 

associated with haematological alterations and quickly indicates metabolic modification of 

the body that gives essential data on the body’s response to injury or infection [18, 19]. In 

this study, there were elevated levels of WBC migration to the inflammatory site which is 

reported to be a biomarker of inflammation [20].  From the study, Bombax costatum extract 

significantly reduced the levels of WBC at the site of inflammation suggestive of its 

inhibitory effects against inflammation and proliferation of the endothelium [15].  

It has also been reported that spleen enlargement is a characteristic feature of cotton pellet-

induced granuloma tissue formation due to its phagocytic character [20]. Bombax costatum 

extract in this study showed a significant decrease in the spleen weight relative to the 

enlarged spleen weight of the control. Thus, Bombax costatum extract exhibited its inhibitory 

activity on the phagocytic nature of the spleen during the inflammatory response and this is 

consistent with previous reports [20]. 
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Conclusion 

In conclusion, this study has established the antiproliferative effect of aqueous ethanolic 

extract of the stem bark of Bombax costatum as shown by its inhibitory effects on granuloma 

tissue formation. The restorative action of the extract on haematological parameters during 

the inflammatory response and its antiproliferative effects from these findings strongly 

support its folkloric usage in the management of inflammation. Further quantitative chemical 

evaluation is underway to determine the active secondary metabolic phytoconstituents that 

are responsible for the anti-inflammatory activities.  
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