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Introduction 

Pulmonary fibrosis (PF) is a common condition in chronic 

obstructive pulmonary disease.1 It is a chronic inflammatory lung 

disease that causes obstructed airflow from the lungs. This condition is 

typically caused by long-term exposure to irritating or hazardous gasses 

like cigarette smoke and air pollution. This condition can also be caused 

by virus infection.2 The secretion of pro-inflammatory cytokines such 

as interleukin (IL)-1β, interleukin (IL)-6, interferon-gamma (IFN-γ), 

and tumor necrosis factor-alpha (TNF-α) by activated macrophages and 

dendritic cells as the body's first defense through the NF-κB pathway is 

known to increase at the beginning of inflammation.3 This causes a 

strong tissue inflammatory response and can disrupt healthy tissue. The 

average age of affected patients is 60-70 years old, yet this condition 

can also affect younger people. PF also affects males more, considering 

the increased risk factors like smoking.1  

Common pathological features in this condition are fibroblast 

proliferation and differentiation, abnormal deposition of many 

extracellular matrices (ECM), inflammatory cell infiltration, and 

destruction of alveolar structures.4 
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High production of ECM can lead to lung stiffness and loss of lung cell 

function, which can happen progressively.5 Thus, it can cause difficulty 

breathing and even lead to death. Pulmonary fibrosis is a progressive 

disease that can be worsened by inadequate treatment. Most cases also 

need a longer time to be diagnosed. Until now, there are no efficient 

treatments for PF, and lung transplantation is the only option in most 

cases. Patients with a high degree of severity only rely on anti-fibrotic 

therapies.1,6 However, anti-fibrotic therapy is costly and also has several 

adverse effects, including abdominal pain and abnormal liver function6. 

Treatment with new potential low-risk drugs is urgently needed to help 

more people with PF achieve good symptom control and better quality 

of life and reduce the risk of other associated conditions. Tapak liman 

or Elephantopus scaber is a herbaceous tropical plant widely used as a 

traditional medicine. It can be found in many tropical countries such as 

Africa, West Asia, India, South Asia, and Australia.7 This plant was 

believed to help medical conditions like headache, cough, fever, 

hepatitis, and cancer.8,9 Its leaves are known for containing secondary 

metabolites that are beneficial as antioxidants against free radicals. 

Essential oils like sesquiterpene lactone, triterpenoids, steroids, lupeols, 

and flavonoids are found in this leaf extract.7 Deoxyelephantopin and 

isoscabertopin are active compounds belonging to the sesquiterpene 

lactone group found in Elephantopus scaber with anti-inflammatory 

and anti-cancer properties.9,10,11 Previous studies have shown that it 

could act as NF-κB activation inhibitor in vitro.10,12 However, the 

therapeutic effects of Elephantopus scaber on the pulmonary fibrosis 

mice model are yet to be investigated. Therefore, this study aimed to 

investigate the effect of ESEE on the expression of NF-κB, the 

production of pro-inflammatory cytokines IL-1β, and anti-

inflammatory cytokines IL-10 by macrophage and dendritic cells in the 

early stages of bleomycin-induced pulmonary fibrosis in mice. 
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Pulmonary fibrosis is a chronic inflammatory and progressive disease that scars and stiffens the 

lung, leading to organ function failure and death. There is no effective treatment to prevent this 

condition. Elephantopus scaber is a traditional medicinal plant known for its anti-inflammatory 

activity, but its prospective role in pulmonary fibrosis needs further investigation. This study 

aimed to investigate the effect of Elephantopus scaber ethanol extract (ESEE) treatment on the 

expression of nuclear factor kappa of activated B cell (NF-κB) and the production of interleukin 

(IL)-1β and IL-10 cytokines produced by macrophage and dendritic cells in mice after bleomycin 

exposure. Mice were randomly grouped and then received doses of ESEE: 0.0504 mg/kg (E1), 

0.1008 mg/kg (E2), and 0.2016 mg/kg (E3) or 3 mg/kg dexamethasone (D) as positive control 

orally, followed by intraperitoneal injection of bleomycin (2 mg/kg) daily for 14 days. Mice were 

sacrificed on days 7 and 14, and then the splenocytes were isolated to determine the relative 

number of macrophage and dendritic cells expressing NF-κB, IL-1β, and IL-10 using flow 

cytometry. The results showed that NF-κB and IL-1β expressing cells in mice-induced bleomycin 

were significantly declined in all groups receiving ESEE compared to groups that received only 

bleomycin. However, IL-10-expressing cells, on the contrary, were increased in the ESEE 

treatment group. Treatment with 0.1008 mg/kg ESEE exhibited the most optimal regulating 

cytokine activity than the dexamethasone group. Therefore, ESEE treatment effectively 

suppresses inflammation in pulmonary fibrosis mice models.  
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Materials and Methods  

Animals 

Fifty-six (56) 7-week-old BALB/c male mice weighing 25-30 g were 

used in this experiment. Animals were purchased from the Pusat 

Veteriner Farma, Surabaya, Indonesia. All animals were in healthy 

condition.  Animals were acclimatized for 2 weeks in 12 h day and night 

light cycle, with an average temperature of 25°C before the experiment. 

Mice were given access to feed and water ad libitum. This study was 

ethically approved by the Animal Care and Use Committee of 

Universitas Brawijaya, Indonesia (NO:182-KEP-UB-2023). 

 

Elephantopus scaber extract preparation 

Dried Elephantopus scaber leaf powder was purchased and then 

identified by Balai Materia Medika, Batu, Indonesia, in March 2023 

(determination number: 067/656/102.20/2023). A total of 500 g 

powdered leaves was extracted using 5,000 mL of 96% ethanol (ratio 

1:10) in a glass jar and stored in a dark. The mixture was stirred 

continuously every hour for 24 h. After 24 h, the mixture was filtered 

using Whatman No. 1 filter paper to separate the filtrate. The filtrate 

was then processed with a Vacuum Pump Evaporator (IKA® RV10, 

Germany) to remove the solvent. The extract was then stored at 4°C in 

a closed pot until further use by the animals.  

 

Experimental design 

Mice were randomly divided into seven experimental groups (n = 4). 

The healthy control group (N); vehicle group (V) were given oral corn 

oil only; the fibrosis model group (F) received daily bleomycin 

(MedChemExpress LLC, USA) at a dose of 2 mg/kg BW13 

intraperitoneally for 7 days and 14 days; and the dexamethasone control 

group (D) that was received daily bleomycin at a dose of 2 mg/kg BW 

intraperitoneally and dexamethasone at a dose of 3 mg/kg BW orally 

every day for 7 days and 14 days. E. scaber ethanol extract (ESEE) 

treated group are low dose ESEE group (E1) that was treated with daily 

oral ESEE at a dose of 0.0504 mg/kg BW and intraperitoneal bleomycin 

(2 mg/kg BW); moderate dose ESEE group (E2) that was treated with 

daily oral ESEE at a dose of 0.1008 mg/kg BW and intraperitoneal 

bleomycin (2 mg/kg BW); and high dose ESEE group (E3) that was 

treated with daily oral ESEE at a dose of 0.2016 mg/kg BW and 

intraperitoneal bleomycin (2 mg/kg BW). ESEE was dissolved in corn 

oil and given orally. Bleomycin was dissolved in PBS following the 

manufacturer's instruction. Mice were sacrificed on days 7 and 14 by 

cervical dislocation.14,15  

 

Organ isolation and flow cytometry analysis 

After the mice were sacrificed, spleens were washed in PBS twice. The 

spleen was dissected and crushed clockwise in 5 mL PBS to isolate the 

splenocytes. Cells suspension was centrifuged at 2500 rpm and 10°C 

for 5 min. Supernatants were discarded, and 1 mL of PBS was added 

and used to homogenate the pellets. Then, 0.05 mL cells were moved to 

microtubes to perform antibody staining. For macrophage and dendritic 

cell markers, extracellular antibody staining was carried out by adding 

0.05 mL of FITC-labeled anti-CD11b and PE-labeled anti-CD11c 

extracellular antibodies to the microtube, then incubated at 4°C in a dark 

place for 20 min. Then, intracellular antibody staining was performed 

by adding 0.05 mL of intracellular fixation buffer (IC) and incubating 

at 4°C in the dark for 20 min. Next, 0.5 mL of permeabilization buffer 

10X (PB 10X) was added and centrifuged at 2500 rpm at 10°C for 5 

min. Next, the supernatant was discarded, and 0.05 mL of specific 

intracellular antibodies PerCP-labeled NF-κB, PE-Cy5-labeled anti-IL-

1β, and PE-labeled anti-IL-10 were added to the microtube, then 

incubated at 4°C in the dark for 20 min. Next, 0.4 mL of PBS was added 

to the samples, homogenized, and transferred into a cuvette for flow 

cytometry analysis (BD Biosciences FACSCalibur™, San Jose, CA). 

The data were analyzed using the BD CellQuest™ Pro application to 

obtain the relative number of CD11b+NF-κB+, CD11b+IL-1β+, 

CD11b+IL-10+, CD11c+NF-κB+, CD11c+IL-1β+, and CD11c+IL-10+ 

cells. 

Statistical analysis 

Statistical analysis was performed using SPSS 25 for Windows (SPSS 

Inc., Armonk, NY, USA). Statistical significance was analyzed by two-

way ANOVA followed by Duncan multiple comparison tests with 

p<0.05, which was considered significant. Data were presented as mean 

± standard deviation. 

 

 

Results and Discussion 

Effect of ESEE treatment on NF-κB expression by macrophage and 

dendritic cells 

Pulmonary fibrosis is a fast-progressing disease with no effective 

treatment. It is initiated by massive inflammation that later induces 

irregular tissue restoration characterized by high extracellular matrix 

secretion. Therefore, research in pulmonary fibrosis has focused on 

targeting pro-inflammatory cytokines. Traditional plant medicine 

exploration is preferred nowadays due to its composition of 

multifunctional compounds. NF-κB is a crucial transcription factor 

linked closely to inflammation and immunity. Its activation has a 

significant role in regulating inflammatory response.16 Elephantopus 

scaber is a traditional plant medicine containing high sesquiterpenes 

lactones, such as deoxyelephantopin and isodeoxyelephantopin, known 

as NF-κB activation inhibitor.17 Sesquiterpenes lactones contained in 

ESEE inhibit the translocation of NF-κB complex to the nucleus, 

resulting in lower transcription of inflammatory mediators, such as IL-

1β, IL-6, and TNF-α cytokines. Macrophage and dendritic cells have a 

major role in the innate immune system. Both cells, phagocytes, and 

present antigens secrete inflammatory mediators to recruit more 

immune cells to the damaged site. Therefore, this study is needed to 

investigate the effect of ESEE treatment on NF-κB expression, its 

downstream cytokine IL-1β secretion, and anti-inflammatory cytokine 

IL-10 secretion in macrophages and dendritic cells in early bleomycin 

lung injury.  

The result demonstrated that there were significant differences (p<0.05) 

in the relative number of CD11b+NF-κB+ in the healthy mice (N) and 

fibrosis group (F) on day 7 after bleomycin induction. The standard 

drug control group with dexamethasone (D) could not (p>0.05) 

decrease the relative number of CD11b+NF-κB+ cells compared to the 

fibrosis group (F). All doses of the ESEE treatment group exhibited a 

significant decrease in the relative number of CD11b+NF-κB+ cells 

compared to the fibrosis model group (F). Interestingly, the highest 

decrease in the relative number of CD11b+NF-κB+ cells was found in 

the E2 group (p<0.05) than in other ESEE groups (Figure 1A, 1C). 

Furthermore, after 14 days of bleomycin induction, the E2 group 

significantly reduced the relative number of CD11b+NF-κB+ cells than 

other ESEE groups. A significant reduction in the expression of NF-κB 

was also found in fibrosis mice after 14 days of dexamethasone 

treatment. These results indicated that the administration of ESEE in 

fibrosis mice could reduce NF-κB expression. 

The present study indicated that bleomycin injection for 7 days could 

induce more CD11b+NF-κB+ cells than healthy mice. It was indicated 

that there was an inflammatory response after bleomycin exposure in 

lung cells. Bleomycin induces DNA oxidative damage in lung cells and 

provokes programmed cell death or apoptosis.18 Apoptotic lung cells act 

as damage-associated molecular patterns (DAMPs) signals to innate 

immune cells, such as macrophage and dendritic cells, so they can 

eliminate damaged cells and secrete inflammatory mediators.19 

Increasing NF-κB expression is the marker of this process. Increasing 

NF-κB expression resulted in increasing production of IL-1β, which 

later contributes to the pro-fibrosis environment by inducing the 

Epithelial-Mesenchymal Transition process (EMT) of fibroblast cells to 

myofibroblast cells that secrete massive extracellular matrices to lung 

tissue, and later formed a fibrotic mass deposition.5,18,19  Interestingly, 

all ESEE doses treatment could suppress NF-κB expression in 

macrophage cells, with the most significant decrease found in moderate 

doses (E2) (0.1008 mg/kg BW).  

 



                               Trop J Nat Prod Res, September 2024; 8(9):8554-8560                  ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

8556 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 
Figure 1: Flow cytometry analysis results of CD11b+NF-κB+ and CD11c+NF-κB+ cell populations on days 7 and 14, evaluated by flow 

cytometry analysis. (A, B) Dot plot diagrams showed the percentage of cell populations after being treated with bleomycin and various doses of E. 

scaber ethanol extract for 7 and 14 days. (C, D) Chart data showed the mean percentage of cell populations after being treated with bleomycin and 

various doses of E. scaber ethanol extract for 7 and 14 days. The data were presented as mean ± standard deviation (SD), and different notations 

showed a significant difference based on the Duncan HSD test (p<0.05). N: healthy control; V: vehicle control; F: fibrosis model with bleomycin (2 

mg/kg); D: dexamethasone treatment (3 mg/kg); E1: ESEE low dose treatment (0.0504 mg/kg); E2: ESEE moderate dose treatment (0.1008 mg/kg); E3: 

ESEE high dose treatment (0.2016 mg/kg) 

 

In contrast, dexamethasone treatment showed no significant effect in 

suppressing NF-κB on day 7. However, on day 14, dexamethasone 

treatment possessed a lower NF-κB expression. This delayed effect of 

dexamethasone may be due to the repetitive injury in alveolar epithelial 

cells caused by bleomycin. This result was also found in a previous 

study by Vega et al.20, which states that dexamethasone could not 

ameliorate acute alveolar injury after bleomycin exposure in terms of 

immune cell infiltrations and lung edema due to its remodeling activity 

in membrane lamellipodia and filopodia that cause irregular cell repair 

process. Nonetheless, moderate dose ESEE treatment (E2) showed the 

best result in suppressing NF-κB expression. Tashiro et al. (2017) stated 

that inflammation response occurred from day 3 to 9 after bleomycin's 

first injury, followed by fibroblast activation and matrix deposition at 

day 10 to 21, indicating fibrosis initiation.21 Therefore, ESEE could 

early suppress NF-κB expression in macrophage cells.  

This study also investigates the expression of NF-κB in mature dendritic 

cells. The result showed significant differences in CD11c+NF-κB+ cell 

populations between the fibrosis model and healthy control groups, 

indicating the increase of NF-κB expression at day 7 in response to 

bleomycin exposure. Dexamethasone (D) and the E1 group showed a 

significant decrease in cell populations compared to the fibrosis group 

but still higher than other ESEE treatment groups, indicating weak 

suppression activity. Besides, the E2 group showed optimum 

suppression activity, resulting in a significant decrease of CD11c+NF-

κB+ cell populations compared to the fibrosis model group (F). At day 

14, all ESEE treatment groups showed an insignificant change in cell 

population compared to day 7, indicating continuous inflammation. 

 

 

In early lung tissue damage, inactivated resident dendritic cells attract 

DAMP signals released by injured lung cells. Inactivated dendritic cells 

then phagocytes cell debris, then migrate to the lymph nodes to present 

the antigen to T cells and become activated.22 A recent study found that 

immature dendritic cells tend to infiltrate lung fibrosis sites massively, 

leading to continuous chronic tissue inflammation and in situ 

activation.23 These explain the decrease in cell population in the fibrosis 

group on day 14. The result also showed no significant change in the 

relative number of CD11c+NF-κB+ cells at all doses of ESEE on day 14 

compared to day 7. Although longer ESEE treatment did not show a 

significant decrease in the CD11c+NF-κB+ cell population, ESEE 

treatment nonetheless showed its benefit in preventing worse 

inflammation.  

 

Effect of ESEE treatment on IL-1β production by macrophage and 

dendritic cells 

IL-1β cytokine is one of the key markers of inflammation.24 The 

existence of unknown substances or damaged cells triggers its secretion 

through TLRs/ NF-κB pathway activation. Activation of the NF-κB 

pathway results in translocation of its dimer structure to the nucleus, 

then induces proIL-1β cytokine and NLRP3 inflammasome release to 

the cytoplasm. NLRP3 inflammasome then combined with procaspase-

1 and formed an inflammasome complex. Inflammasome complex also 

induces autocleavage of caspase-1, and later, it will induce maturation 

of proIL-1β and its release to the extracellular environment as IL-1β.25 

As the result of the process mentioned, higher NF-κB activation results 

in higher IL-1β cytokine maturation and secretion. IL-1β cytokine 

secretion by macrophage cells also indicates its polarization to the M1 
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type, which is known to act pro-inflammatory by secreting more 

inflammatory cytokines.26 Increasing numbers of IL-1β leads to 

massive inflammation in the lung tissue and creates a pro-fibrotic 

environment as IL-1β induces tumor growth factor (TGF)-β secretion 

and promotes the EMT process, which results in myofibroblast 

activation.27 Activated myofibroblast, known as the main secretor of the 

extracellular matrix, led to fibrosis development in the tissue. 

This study showed that the relative number of CD11b+IL-1β+ increased 

significantly (p<0.05) in the fibrosis model group (F) at day 7 compared 

to the healthy control group (N) and vehicle control group (V). This 

result was in line with the high expression of NF-κB because of IL-1β 

as downstream from NF-κB pathway. Treatment with different doses of 

ESEE for 7 days indicates significant (p<0.05) alleviation of IL-1β 

production in the fibrosis mice model, with no significant difference 

between the E1, E3, and dexamethasone group (D). Interestingly, E2 

showed the best and most significant (p<0.05) alleviation of CD11b+IL-

1β+ cell number (Figure 2A, 2C). Moreover, on day 14, all groups 

showed no significant average changes with day 7, but slight decreases 

were found in the F, D, and E1 groups, and in contrast with that, the E2 

and E3 groups showed a slight average increase in cell percentage. 

Thus, these results suggested that peak inflammation caused by 

bleomycin happened on day 7, and ESEE treatment in proper time 

showed more benefit in regulating initial inflammation. 

 

 

 
Figure 2: Flow cytometry analysis results of CD11b+IL-1β+ and CD11c+IL-1β+ cell populations on days 7 and 14, evaluated by flow 

cytometry analysis. (A, B) Dot plot diagrams showed the percentage of cell populations after being treated with bleomycin and various doses of E. 

scaber ethanol extract for 7 and 14 days. (C, D) Chart data showed the mean percentage of cell populations after being treated with bleomycin and 

various doses of E. scaber ethanol extract for 7 and 14 days. The data were presented as Mean ± standard deviation (SD), and different notations 

showed a significant difference based on the Duncan HSD test (p<0.05). N: healthy control; V: vehicle control; F: fibrosis model with bleomycin (2 

mg/kg); D: dexamethasone treatment (3 mg/kg); E1: ESEE low dose treatment (0.0504 mg/kg); E2: ESEE moderate dose treatment (0.1008 mg/kg); E3: 

ESEE high dose treatment (0.2016 mg/kg)

 

A significant increase (p<0.5) in the production of IL-1β by the 

dendritic cells was observed in the fibrosis model group (F), indicating 

activation of the dendritic cells due to bleomycin induction for 7 days 

(Figure 2B, 2D). On the other hand, there was no significant difference 

between dexamethasone and a low dose of ESEE treatment with the 

model group, indicating its weak action in alleviating IL-1β production 

by the dendritic cells. Interestingly, the E2 group showed the best IL-1β 

suppression. The inhibitory activity of ESEE to activate NF-κB might 

be caused by inhibiting IKK complex phosphorylation, which leads to 

unsuccessful NF-κB translocation to the nucleus and proIL-1β gene 

transcription.28 A lower percentage of activated dendritic cells in the E2 

group also indicates advantageous CD4+ T cell activation inhibition, as 

the CD4+ T cell will further produce pro-inflammatory cytokine and 

pro-fibrotic cytokine-like IL-17A.29 On the contrary, the overall group 

result on day 14 showed no significant difference from day 7, which  

 

might be caused by the same daily repetitive small exposure to the 

bleomycin, resulting in precarious resolution of the injury.   

 

Effect of ESEE treatment on IL-10 production by macrophage and 

dendritic cells 

As the bleomycin exposure to mice induces an inflammatory response 

marked by more secretion of IL-1β, recent research on pulmonary 

fibrosis targets the downregulation of pro-inflammatory cytokine. 

Many previous studies stated that suppressing inflammation by 

enhancing anti-inflammatory cytokines in early lung injury helped 

develop fibrosis. One of the anti-inflammatory cytokines broadly 

explored in pulmonary fibrosis development is IL-10, as it inhibits the 

downregulation of IFN-γ and upregulation of TGF-β.30 Inhibition of 

TGF-β upregulation is essential in decreasing fibrosis development as 

TGF-β is known to maintain inflammation and acts as a pro-fibrotic 
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cytokine by activating myofibroblast as the result of the EMT process. 

Myofibroblast is a cell with few epithelial and endothelial features and 

contains α-smooth muscle actin (α-SMA). This activated cell will 

secrete massive amounts of extracellular matrix components such as 

collagen and fibrin, thereby initiating fibrosis development.31 IL-10 

secretion by macrophage cells also indicates its alternative polarization 

to M2 type, whose role is still poorly understood in pulmonary fibrosis. 

However, some studies also revealed its anti-fibrotic role by secreting 

matrix metalloproteinase-10 (MMP-10) to degrade excessive ECM in 

lung tissue during repair.32 

On the first week of bleomycin treatment, the fibrosis model group 

showed significant (p<0.05) higher IL-10 expression by macrophage 

cells than the healthy group (Figure 3A). Treatment with 

dexamethasone showed a slight increase in the production of IL-10 

secreted by macrophage, which indicated weak anti-inflammatory 

activity. Different doses of ESEE at 7 days also did not show a 

significant increase of IL-10 in the model group. In contrast, ESEE 

treatment for 14 days showed a significant (p<0.05) effect in inducing 

IL-10 production secreted by macrophages. Higher IL-10 level 

indicates an inflammation suppression phase after bleomycin induction 

by inhibiting further release of IL-1β and TGF-β. Interestingly, the E2 

group showed the highest relative number of CD11b+IL-10+ cells 

compared to other groups after 14 days of treatment (Figure 3C).  

 

 

 
Figure 3: Flow cytometry analysis results of CD11b+IL-10+ and CD11c+IL-10+ cell populations on days 7 and 14, evaluated by flow 

cytometry analysis. (A, B) Dot plot diagrams showed the percentage of cell populations after being treated with bleomycin and various doses of E. 

scaber ethanol extract for 7 and 14 days. (C, D) Chart data showed the mean percentage of cell populations after being treated with bleomycin and 

various doses of E. scaber ethanol extract for 7 and 14 days. The data were presented as mean ± standard deviation (SD), and different notations 

showed a significant difference based on the Duncan HSD test (p<0.05). N: healthy control; V: vehicle control; F: fibrosis model with bleomycin (2 

mg/kg); D: dexamethasone treatment (3 mg/kg); E1: ESEE low dose treatment (0.0504 mg/kg); E2: ESEE moderate dose treatment (0.1008 mg/kg); E3: 

ESEE high dose treatment (0.2016 mg/kg)

 

This study demonstrated fewer CD11c+IL-10+ cell populations in the 

fibrosis model group than in the healthy and vehicle group on day 7 

(Figure 3B). However, all ESEE treatment groups for 7 days could not 

significantly increase the IL-10 production. Moreover, treatment with 

dexamethasone (D) for 7 days exhibited a significant (p<0.05) increase 

in IL-10 production but then decreased after 14 days of treatment 

(Figure 3D). Interestingly, all ESEE treatment groups increased 

(p<0.05) CD11c+IL-10+ cell population after 14 days of treatment, with 

the highest number in the E2 group. That indicates dendritic cells 

dominate tolerogenic function during injury. In previous studies, Lupeol 

and flavonoid substances contained in ESEE might also play a role in 

that process, as both showed anti-inflammatory and anti-fibrotic 

activity.33,34 Dexamethasone treatment showed a fluctuating effect in 

stimulating IL-10 production, as shown by the decrease in CD11c+IL-

10+ cell population after 14 days of treatment. 

 

A dendritic cell is known for its leading role as an antigen-presenting 

cell and an initiator of T cell response. Activated dendritic cells by 

stimuli like inflammatory cytokines or damage-associated molecular 

patterns (DAMPs) will process and present antigens on their surface to 

be later recognized by naïve T cells and activated. In early injury, 

dendritic cells can also secrete pro-inflammatory cytokines like IL-1β 

and Il-6 to spread the signal faster. Despite that, the dendritic cell is also 

known for its flexibility in shifting between immunogenic and 

tolerogenic functions.35 Dendritic cells could increase IL-10 production 

and promote regulatory T-cell differentiation to help maintain an 

immune homeostasis environment.  

In pulmonary fibrosis, cytokines, especially those produced by 

macrophage and dendritic cells, are mainly involved in initiating and 

regulating the inflammation process through their distinct function and 

ability to stimulate immune cells.36 Besides inflammation suppression, 
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cytokine regulation in tissue remodeling after injury is also important 

to prevent fibrosis development. Beneficial secondary metabolites in 

ESEE, like sesquiterpene lactones, flavonoids, and lupeol substances in 

traditional plants, must be explored. This study revealed that ESEE 

could prove its benefits in counteracting the activation of NF-κB, 

thereby further regulating the secretion and maturation of pro-

inflammatory cytokine IL-1β and maintaining sufficient secretion of 

anti-inflammatory cytokine IL-10. These results indicated that ESEE 

treatment potentially protects the lung in the fibrosis mice model by 

suppressing NF-κB expression and its further downstream in 

macrophage and dendritic cells. 

 

 

Conclusion  

ESEE could suppress early inflammatory response after bleomycin 

injury in fibrosis mice models via regulation of the NF-κB pathway by 

decreasing NF-κB expression and IL-1β production and increasing IL-

10 production by macrophage and dendritic cells with the optimum 

ESEE dose at 0.1008 mg/kg. Further research on the fibrous mass 

protein expression is required to clearly understand the ESEE’s 

inhibitory mechanism against fibrosis development. 
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