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Abstract 

Long-term cigarette smoke exposure leads to lung fibrous tissue formation, which is 

progressive and irreversible, even after stopping the smoke exposure. Oat, a cheap food 

source with immunomodulatory and antioxidant properties, is expected to reduce 

fibrogenesis in the lung tissue of mice after cessation of cigarette smoke exposure via 

inflammation and oxidation pathways. This study is a true experimental with a pretest and 

posttest-controlled group design. BALB/c mice were divided into control and treatment 

groups randomly. The research variables were TGF-B1, IL-1B, SOD, MDA, and 

histopathological scores. Following cessation of cigarette smoke exposure in BALB/c mice 

given an oat diet orally, TGF-1B expression was decreased, and IL-1B concentrations were 

elevated in lung tissue and BAL fluid, respectively. The activity of SOD was increased, 

while the concentration of MDA was decreased. Pathological changes were characterized 

by a lower Klopfleisch score due to reductions in hemorrhagic, bronchiolitis, alveolitis, 

thickening of the alveolar walls, and alveolar emphysema. These research’s variables 

results were statistically different (P < 0.05) from the group of BALB/c mice that did not 

receive an oat diet. Thereby, oat consumption could reduce lung tissue fibrogenesis 

following cessation of cigarette smoke exposure. 
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1. INTRODUCTION 

Pulmonary fibrosis is defined 

as a chronic, progressive, and 

irreversible lung disease. Tobacco 

smoke, metals, dusts, drugs, and 

infectious agents, among other 

environmental exposures, have 

been associated with a greater risk 

for pulmonary fibrosis (Assad et al., 
2018; Bellou et al., 2021; Zaman & 
Lee, 2018). However, cigarette 

smoke exposure is strongly 

believed to be a high-risk factor for 

fibrous tissue formation 

predominantly in the lower lobe of 

the lung(Fang et al., 2019). 

Cigarette smoke promotes inflammatory 

response and oxidative damage in the 

alveolar epithelial cell (AEC) due to 

reactive oxygen species and reactive 

nitrogen species. The AEC damage plays 

a crucial role in the initiation of 

fibrogenesis. Moreover, the epithelial 

injury may persist for several years even 

after cessation of cigarette smoke 

exposure. The treatment options available 

in idiopathic pulmonary fibrosis have 

demonstrated modest clinical gains; 

therefore, there is an ongoing need for 

additional therapeutic options (Zaman & 
Lee, 2018).  

Oat is a relatively cheap source of 

soluble dietary fibers. Over the last few 

years, oat consumption in the human diet 
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has increased because of health 

benefits associated with dietary 

fibers such as beta-glucan, 

functional protein, lipid and starch 

components, and phytochemicals 

(avenanthramides and avenacosides 

A and B) present in the oat 

grain(Sang & Chu, 2017; Wang & 

Ellis, 2014). The primary active 

compound of oat is considered to be 

a polysaccharide known as beta-

glucan as it has been proven to have 

cholesterol-lowering and 

antidiabetic effects (Paudel et al., 

2021). In addition to these 

beneficial effects, those compounds 

possess a high level of antioxidant 

activity and anti-inflammatory and 

antiatherogenic properties. 

Through all of these 

capabilities, it is hoped that oat 

consumption can improve lung 

tissue recovery after cessation of 

cigarette smoke exposure. This 

study aims to analyze the effect of 

oat diet on fibrogenesis in lung 

tissue of male BALB/c mice after 

cessation of cigarette smoke 

exposure via inflammation and 

oxidation pathways and 

histopathological analysis. 

2. MATERIALS AND 

METHODS 

2.1. Animals and groups 

33 male BALB/c mice (25-35 

g, 12-14 weeks) were obtained from 

the Experimental Animal 

Laboratory, Faculty of Pharmacy, 

Gadjah Mada University 

(Yogyakarta, Indonesia). Mice 

were fed with standard chicken 

chow (Comfeed AD II, PT Japfa 

Comfeed Indonesia Tbk., 

Indonesia) once daily, and tap water 

was provided through a hanged 

bottle ad libitum.  

We randomly divided 33 mice into 

two groups as follows: (1) normal control 

group (CON, n = 5); (2) treatment group 

(SF+CSE, n = 28). 

2.3. Intervention 

The CON group was given standard 

feed (SF) without being exposed to 

cigarette smoke (CSE) and sustained for 

two weeks. The SF+CSE group received 

standard feed for six weeks and was 

exposed to cigarette smoke. Mice were 

conditioned as passive smokers by 

exposing them to cigarette smoke in a 

smoke chamber at a dose of one cigarette 

(Djie Sam Soe, PT Gudang Garam Tbk., 

Indonesia), for every two mice, given 

twice a day, seven days a week. Four mice 

died after being exposed to cigarette 

smoke for four weeks. After six weeks, 

eight mice were euthanized. 

The remaining mice in group 

SF+CSE were divided into two groups (SF 

and SF+O) to begin the second treatment 

stage, which lasted four weeks. There was 

no more cigarette smoke exposure. The SF 

group received standard feed, whereas the 

SF+O group received standard feed and 

3.5 gram of instant oatmeal per day given 

with standard feed. 

2.4. Sample collection 

At the end of the treatment period, 

mice in each group were euthanized under 

deep anesthesia using 10% Ketamine (0.4 

mg/10 gr body weight; i.p.). 

Bronchoalveolar lavage (BAL) was 

performed. In brief, lungs were first 

lavaged using 3×1 ml 0.9% NaCl via a 

tuberculin syringe. The lavage fractions 

were stored in microcentrifuge tubes 

without EDTA, centrifuged 1.000 × g for 

10 min, and the supernatant was finally 

collected for analysis of interleukin-1β 

(IL-1β) by enzyme linked immunosorbent 

assay (ELISA). 

Following BAL, the left lung was 

harvested for histopathology analysis and 

immunohistochemistry analysis, which 
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included the expression of 

transforming growth factor-β1 

(TGF-β1). Meanwhile, the right 

lung was homogenized for 

measurement of superoxide 

dismutase (SOD) and 

malondialdehyde (MDA) through 

ELISA. All of the samples were 

stored at -20 ℃ until a subsequent 

analysis. 

2.5. Histopathology and 

immunohistochemistry analyses 

Lungs were fixed in 10% 

formalin for 12 hours. Formalin-

fixed samples were processed 

routinely, embedded in paraffin, 

and stained with hematoxylin and 

eosin (H&E) for histopathological 

evaluation. Histological damage 

was assessed using a modified 

Klopfleisch score reflecting the 

changes in the tissue structure.  

For immunohistochemistry, the 

specimens were deparaffinized with 

xylene, placed on a slide, and 

washed with phosphate-buffered 

saline (PBS), pH 7.4. They were 

then treated with 3% H2O2 for 10 

min and 2% bovine serum albumin 

(BSA) for 60 min at room 

temperature to block endogenous 

peroxidase activity and prevent 

non-specific binding, respectively. 

Tissue sections were incubated with 

primary antibody overnight at 4 ℃. 

Tissues were then washed in PBS 

solution and incubated for 60 min at 

room temperature with biotinylated 

secondary antibody. After washing 

in PBS solution, the sections were 

exposed to Streptavidin-

Horseradish Peroxidase for 40 min 

at room temperature and again 

washed in PBS solution. Slides 

were reacted with 

diaminobenzidine (DAB) and 

counterstained with Mayer’s 

hematoxylin.  

2.6. Cytokine measurement 

The levels of IL-1β from BAL fluid 

were quantified using ELISA MaxTM 

Deluxe Set Mouse IL-1β (Catalog: 

432606, BioLegend, Inc, San Diego, 

California, United States) and the 

absorbance was determined at 450 nm and 

570 nm. The expression of TGF-β1 

(Catalog: T 0438, Sigma, Saint Louis, 

Missouri, United States) was measured 

using the immunohistochemistry-paraffin 

(IHC-P) protocol. 

2.7. Measurement of serum antioxidative 

parameters 

A thiobarbituric acid reactive 

substances (TBARS) assay kit (Catalog: 

10009055, Cayman Chemical Company, 

Ann Arbor, Michigan, United States) was 

used to measure MDA content. Briefly, 

mice lung tissue was added to 250 μl of 

radioimmunoprecipitation (RIPA) buffer. 

The tissue was prepared by 

homogenization on ice and low-speed 

centrifugation (1.600 × g, 10 min, 4 ℃). 

Subsequently, 100 μl of supernatant was 

added to reaction reagents (provided in the 

kit), and the mixture was heated at 45 ℃ 

for 60 min. After the mixture was cooled 

and centrifuged, the collected liquid 

absorbance at 586 nm was measured using 

a spectrophotometer.  

The activities of SOD were measured 

using a SOD assay kit (Catalog: 706002, 

Cayman Chemical Company, Ann Arbor, 

Michigan, United States). Briefly, in order 

to remove any red blood cells and clots, 

mice lung tissue was washed with PBS, 

pH 7.4. The tissue was homogenized in 5-

10 ml of 20 mM HEPES cold buffer, pH 

7.2, per gram of tissue and centrifuged at 

1.500 × g for 5 min at 4 ℃. The 

supernatant was removed and 10 μl of the 

collected sample was added to 200 μl of 

the diluted radical detector. The reactions 

were initiated by quickly adding 20 μl of 

diluted xanthine oxidase and incubating 

for 30 min at room temperature. Then, the 

absorbance was determined at 440-460 

nm. 

2.8. Statistical analysis 

Figure 1. Effects of oat diet on the oxidative 

pathway. 
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All data were tested for normal 

distribution. The normally 

distributed data were presented as 

mean ± Standard Error of Mean 

(SEM). Multivariate analysis of 

variance (MANOVA) was used for 

normally distributed data, followed 

by Fisher’s least significant 

difference test. Meanwhile, other 

data were described as median with 

inter-quartile range and a 

nonparametric test (Kruskal-Wallis 

test) was applied, followed by 

pairwise comparisons. P values < 

0.05 were considered statistically 

significant. 

2.9. Ethics approval 

All procedures were performed 

in compliance with the guidelines of 

the Institutional Animal Care and 

Use Committee (IACUC). 

3. RESULTS 

3.1. Oat diet decrease cigarette 

smoke exposure-induced oxidative 

stress 

Cigarette smoke exposure and 

oat diet have a prominent effect on 

SOD activity and MDA 

concentration. In the group treated 

with standard feed and cigarette 

smoke exposure (SF+CSE), the 

levels of SOD were significantly 

decreased compared to the CON 

group (P < 0.05), whereas the MDA 

content was significantly increased 

(P < 0.05). There was no 

statistically significant difference in 

SOD and MDA levels between the 

SF+CSE group and SF treatment 

alone. Meanwhile, oat intervention 

(SF+O) statistically significantly 

increased the SOD activity (P < 

0.05), the values of which were 

close to those in the CON group and 

the MDA levels were significantly 

lower than the SF+CSE group (P < 

0.05). These results suggested that oat 

could alleviate oxidative stress. 

 

 

 

 

 

 

 

Scatter dot plot showing the SOD activity 

(A) and MDA concentration (B) in each 

group. Data were presented as median 

with inter-quartile range, and a 

nonparametric test (Kruskal-Wallis test) 

was used for statistical analysis. *P < 0.05, 

vs. the CON group; #P < 0.05 vs. the 

SF+CSE group. Abbreviations: CON – 

control group; SF+CSE – standard feed 

and cigarette smoke exposure; SF – 

standard feed diet post cessation of 

cigarette smoke exposure; SF+O – 

standard feed and oatmeal diet post 

cessation of cigarette smoke exposure; ns 

– not significant. 

3.2. Effects of oat diet on inflammatory 

response 

The expressions of TGF-β1 in the 

SF+CSE group was statistically 

significantly higher compared with those 

of mice in the CON group (P < 0.05), 

whereas they were statistically 

significantly reduced after SF+O 

treatment compared with those in SF 

treatment alone (P < 0.05). Moreover, IL-

1β concentration in the SF+CSE group 

were statistically significantly decreased 

than those in the CON group (P < 0.05). 

Following cessation of cigarette smoke 

exposure, compared with SF treatment 

alone, oat intervention statistically 

significantly increased IL-1β 

concentration (P < 0.05). 
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Figure 2. Production of cytokines in lung 

tissue after cigarette smoke exposure and oat 

diet. 
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Bar column showing the expression 

of TGF-β1 and concentration of IL-

1β in BAL fluid in each group. Data 

were presented as mean ± SEM, and 

a parametric test (MANOVA) was 

used for statistical analysis. *P < 

0.05, vs. the CON group; #P < 0.05 

vs. the SF+CSE group. 

3.4. Oat diet improve 

histopathologic score of the lung 

tissue 

In the SF+CSE group, cigarette 

smoke exposure caused a 

statistically significant increase (P < 

0.05) in the total injury score of the 

lungs as compared to the CON 

group. There was no statistical 

difference between the SF+CSE 

group and SF treatment alone. 

However, oat intervention (SF+O) 

statistically significantly reduced 

the total score (P < 0.05) compared 

with those of SF treatment alone. 

 

 

 

 

 

 

 

 

Box and whisker plot showing the 

histopathologic scoring of lung 

tissue. Modified Klopfleisch score was 

used to evaluate the degree of lung tissue 

damages after treatment. Data were 

presented as median with inter-quartile 

range, and a nonparametric test (Kruskal-

Wallis test) was used for statistical 

analysis. *P < 0.05, vs. the CON group; #P 

< 0.05 vs. the SF+CSE group. 

4. DISCUSSION 

Cigarette smoke exposure has been 

proven as one of the risk factors for 

pulmonary fibrosis, in which can cause 

mild to severe respiratory disruption, 

leading to high morbidity and mortality 

rates(Hadley, 2017; Ryerson & Kolb, 2018; 
Shin et al., 2021). Several studies suggest 

that smoking cessation or avoiding 

cigarette smoke exposure alone is 

insufficient to decrease or stop the 

progression of pulmonary fibrogenesis. 

Consequently, it is still necessary to look 

for compounds that can reduce or even 

stop fibrogenesis after cessation of 

cigarette smoke exposure.  

Cigarette smoking alters the 

inflammatory responses generated by the 

respiratory epithelial cells by modulating 

the production of a number of potent pro-

inflammatory cytokines and chemokines 

with consecutive recruitment of 

macrophages and neutrophils and further 

damage to the lung tissue (Strzelak et al., 

2018). Chronic inflammatory conditions 

due to bleomycin administration, 

infectious substances, cigarette smoke, 

asbestos particle exposure, and others 

initiate the upregulation of TGF-β1, a 

profibrotic cytokine released by 

macrophages and monocytes. Several 

studies have found that TGF-β1 is 

primarily responsible for forming fibrous 

tissue (Biernacka et al., 2011; 

Frangogiannis, 2020; Xu et al., 2016). 

Based on our study results, cigarette 

smoke exposure increases the expression 

of TGF-β1. However, after cessation of 

cigarette smoke exposure, oat intervention 

successfully decreases the TGF-β1 

expression, indicating that an oat diet 

could alleviate inflammatory response by 
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Figure 3. Histopathologic scoring of lung 

tissue. 
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suppressing the release of 

profibrotic cytokine TGF-β1. 

Therefore, it is hoped that 

decreasing TGF-β1 expression in 

the early phase of fibrogenesis 

could repair lung tissue damage. 

IL-1β is a proinflammatory 

cytokine produced by macrophages, 

natural killer cells, monocytes, and 

neutrophils. Its role in tissue 

fibrogenesis is highly complex. On 

the one hand, it acts as a proximal 

mediator of chronic inflammation, 

stimulating fibroblasts to produce 

IL-1, IL-6, and CXC and CC 

chemokines. On the other hand, IL-

1β promotes the production of 

matrix metalloproteinase-1 

(interstitial collagenase), gelatinase, 

and plasminogen activation, all of 

which contribute to extracellular 

matrix degradation (Chen et al., 

2018; Konno et al., 2016; Lee et al., 

2014). Moreover, it can stimulate 

the production of prostaglandin E2 

which inhibits fibroblast 

proliferation (Neeb et al., 2011). 

These factors will slow the 

formation of fibrous tissue.  

After six weeks of exposure to 

cigarette smoke, the concentration 

of IL-1β in BAL fluid significantly 

reduced compared to the control 

group. Following cessation of 

cigarette smoke exposure, the 

concentration of IL-1β on mice 

receiving standard feed alone 

increased. However, the SF+O 

group had a more significant 

increase than the SF group. 

Exposure to free radical-

containing cigarette smoke disrupts 

the balance of oxidants and 

antioxidants as it reduces 

intracellular antioxidant 

mechanism, leading to oxidation 

stress in the lung tissue of mice 

(Carnevale et al., 2018). Superoxide 

dismutase (SOD) constitutes a very 

important antioxidant defense 

against oxidative stress in the body; 

it acts as a good therapeutic agent 

against reactive oxygen species-mediated 

diseases (Younus, 2018). Meanwhile, 

Malondialdehyde (MDA) is the main 

product of lipid peroxidation and is found 

as an oxidative stress indicator (Babaee et 

al., 2016). SOD activity and MDA 

concentration were measured in this 

research to determine the oat diet's effect 

on mice's lung fibrogenesis after cessation 

of cigarette smoke exposure via the 

oxidation pathway. 

After cessation of exposure to 

cigarette smoke, there was an increase in 

SOD activity as well as a lessened MDA 

concentration. The SF+O group that 

received standard feed and oat diet had 

higher SOD activity than the SF group that 

only received standard feed. Lower MDA 

concentrations appear to be associated 

with higher SOD activity. Based on these 

findings, it is possible to conclude that oat 

diet will enhance the activity of SOD 

while reducing the concentration of MDA 

in the lung tissue of mice. 

Histopathological examination is 

used to detect changes in tissue structure 

in an organ. Polymorphonuclear 

infiltration, hemorrhagic, bronchiolitis, 

alveolitis, thickening of the alveolar walls, 

emphysema of the alveoli (rupture of the 

alveolar walls), and structural changes in 

the form of fibrous tissue can all be found 

in fibrotic lungs. A scoring method can be 

used to determine the severity of 

pulmonary fibrotic disease, which is a 

modified Klopfleisch method. It states that 

the higher the Klopfleisch score, the more 

severe the fibrotic grade (Klopfleisch, 

2013). 

There was an increase in 

histopathological score in the lung tissue 

of mice in the SF+CSE group that had 

been exposed to cigarette smoke 

compared to the control group. This 

finding suggests that cigarette smoke 

causes hemorrhage, bronchiolitis, 

alveolitis, thickening of the alveolar walls, 

and alveolar emphysema in the lung tissue 

of mice. 

Following cessation of cigarette 

smoke exposure, the histopathological 

score in the SF group was not statistically 



 SEMINAR NASIONAL : Kualitas Sumberdaya Manusia (KUSUMA) 
“Menuju Sumber Daya Manusia (SDM) Unggul Berwawasan Sains dan Teknologi Melalui 

Refleksi Budaya Kemajapahitan” 

 

75 
 

different from the SF+CSE group 

that was still exposed to cigarette 

smoke. Thus, it can be stated that 

cessation of cigarette smoke 

exposure alone is insufficient to 

restore lung tissue that has 

undergone fibrogenesis due to 

cigarette smoke exposure. 

However, there was a significant 

decrease in histopathological scores 

with the administration of oatmeal 

after cessation of cigarette smoke 

exposure. This situation suggests 

that consuming oat consistently 

could help recover lung tissue that 

is still in the early stage of 

fibrogenesis and reduce the 

progressivity of fibrous lung tissue 

formation due to cigarette smoke 

exposure. 

5. CONCLUSION 

Following cessation of 

cigarette smoke exposure, oat diet 

was able to reduce TGF-β1 

expression and increase IL-1β 

concentration in lung tissue and 

BAL fluid of mice, respectively. 

Through the oxidation pathway, oat 

increased SOD activity and reduced 

MDA concentration. Furthermore, 

there were massive reductions of 

histopathologic scores of the lung 

tissue. 
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