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ABSTRACT 
 
Background: Smoking habits remain difficult to break, with 991 million smokers 

worldwide in 2020. Many have switched to vaping, which is regarded as safer than clove 

cigarettes. Exposure to cigarette smoke can increase pro-inflammatory cytokines and 

damage lung tissue. 

Objective: This study compared the effects of kretek cigarette smoke and ascorbic acid-

based vape smoke on inflammatory response and lung tissue in male white rats (Rattus 

norvegicus). 

Methods: : Twenty-one 8-week-old rats were randomized into three groups: control, 

exposed to kretek cigarette smoke, and exposed to ascorbic acid-based vape. The kretek 

cigarette group was exposed to smoke from 3 cigarettes/day, while the vape group 

received 0.5 ml/day of vape smoke, for 12 weeks. Interleukin-6 (IL-6) and Tumor 

Necrosis Factor-alpha (TNF-α) levels were analyzed using ELISA. The perimeter length 

of the alveolus, the degree of alveolar wall damage, and the extent of inflammatory cell 

distribution were also examined. Statistical analyses were accomplished using the 

ANOVA One-Way test, chi square test, and Kruskal-Wallis test. 

Results: Cigarette exposure significantly increased IL-6 levels (control: 8.43 ± 0.88 

pg/ml; kretek cigarette: 11.45 ± 1.17 pg/ml; ascorbic acid vape: 11.83 ± 1.56 pg/ml; p 

= 0.000), the degree of alveolar damage (mean rank control: 6.21; kretek cigarette: 14.17; 

ascorbic acid vape: 11.64; p = 0.001), and the extent of inflammatory cell distribution 

(mean rank control: 4.00; kretek cigarette: 15.25; ascorbic acid vape: 12.93; p = 0.012). 

TNF-α levels increased in the kretek cigarette group, while the alveolar perimeter length 

increased in the ascorbic acid vape group; however, neither parameter was statistically 

significant (p > 0.05). 

Conclusion: Both kretek cigarette smoke and ascorbic acid-based vape smoke  induced 

pulmonary inflammation and structural changes, with significant effects observed in IL-

6 levels and histopathological damage, but not in TNF-α levels or alveolar perimeter 

length. There is a need for better regulation and increased public awareness about the 

dangers of smoking. 

. 
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1. Introduction 

Smoking is a common habit that often begins in 

adolescence and remains difficult to eliminate.1 Vapes are 

considered safer than conventional cigarettes, attracting 

many beginners, but they contain harmful chemicals and 

metals.2 In 2025, there were 1299 million smokers 

worldwide (17.1% of the population over age 15).3 In 

Indonesia, 70.2 million adults (34.5%) smoke—58.8 

million use kretek cigarettes, 6.2 million use vapes, and the 

rest use other tobacco products.4 The high number of 

smokers poses a serious global health risk, causing over 8 

million deaths annually.5 Despite these dangers, the tobacco 

industry continues to grow, and its products remain widely 

accessible.4 As a result, cigarette smoke exposure affects 

both active and passive smokers, including 20.3 million 

indoor workers and 121.6 million adults exposed to smoke 

in their homes in Indonesia.4 

There are two main types of cigarettes on the market, 

clove cigarettes (kretek) and  white  cigarettes.6 Kretek, 

made from a mixture of tobacco and cloves, is the most 

popular type in Indonesia, consumed by 28.6% of the 

population in 2021.4 Cigarettes are also categorized by their 

method of use, conventional cigarettes (burned) and 

electronic cigarettes or  vapes  (heated  electronically).7 

Vapes are electronic devices that convert liquid (containing 
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nicotine, flavorings, glycerin, and propylene glycol) into 

aerosol for inhalation.8 Although considered an alternative 

to reduce the risks of conventional smoking,9 vapes still  

contain  nicotine  and  other   harmful substances10 that can 

cause respiratory and systemic health problems such as 

chest pain, shortness of breath, nausea, and lung 

inflammation.11,12 Some e-liquid flavors, such as cinnamon, 

menthol, and strawberry, are cytotoxic, especially when 

combined with nicotine.13 In contrast, flavors like 

chocolate, grape, cola, tobacco, and butterscotch show little 

to no toxicity.13 Research has shown that administering 

ascorbic acid, either intravenously or via inhalation, can 

reduce oxidative stress caused by vaping and help protect 

vascular function and mucosal immunity.14,15 

Damage to the respiratory system, including the lungs, 

can result from acute or chronic inflammation, marked by 

increased levels of pro-inflammatory cytokines such as IL-

6 and TNF-α. Elevated IL-6 in the serum can serve as an 

indicator of diseases, including lung cancer, while TNF-α 

plays a role in inflammation and can act as a biomarker for 

non- small cell lung cancer.16,17 A study on nicotine- based 

vape exposure in rats over 16 weeks showed a significant 

increase in inflammatory cells (neutrophils, macrophages, 

eosinophils) in the bronchoalveolar lavage (BAL) fluid 

compared to unexposed rats.12 Histopathological 

examination also revealed inflammatory cell infiltration and 

increased connective tissue around the bronchioles, 

indicating pulmonary fibrosis caused by e-cigarette 

exposure.12 

Nicotine-based vapes are widely used due to the 

perception that they are safer than kretek cigarettes. 

However, both can cause respiratory  issues indicated by 

changes in inflammatory mediators. Research comparing 

the effects of kretek cigarettes and ascorbic acid-based 

vapes on inflammation and lung histopathology is limited. 

This study aims to compare the effects on IL-6 and TNF-α 

levels, as well as lung tissue morphology in Wistar rats 

(Rattus norvegicus). 

2. Methods 

Twenty-one male Wistar rats (Rattus norvegicus), aged 

8 weeks and weighing 150–200 g, were obtained from Bless 

Mice Semarang. The rats were housed at the Physiology 

Biology Laboratory of Universitas Semarang. The rats were 

acclimatized for seven days in group cages with free access 

to food and water. They were housed in a controlled 

environment with a temperature of 20–24 °C and a 12-hour 

light–dark cycle. The smoking exposure cages were 

specially designed with openings to allow the entry of 

cigarette and vape smoke, and were equipped with limited 

air ventilation. 

After a 7-day acclimatization period with standard 

feeding, the rats were randomly divided into three groups (7 

rats per group) using simple random sampling. The control 

group (K1) received standard care, including daily bedding 

changes, standard feed, and water with no additional 

intervention. The second group (K2) was exposed to kretek 

cigarette smoke (3 cigarettes/day), while the third group 

(K3) was exposed to ascorbic acid-based vape (0.5 mL/day). 

The exposure doses for both kretek cigarettes and ascorbic 

acid–based vape were selected based on dose conversion 

from heavy human smoking exposure, taking into account 

body weight and inhalation characteristics in rats. Body 

weight was measured before acclimatization and after the 

12-week treatment period. 

At the end of the 12-week exposure period, the rats were 

anesthetized using chloroform. Blood samples of 3–5 mL 

per rat were collected via the orbital sinus. The blood serum 

was obtained through centrifugation and analyzed to 

measure IL-6 and TNF-α levels using the ELISA method. 

Lung tissue was collected by opening the rat's thoracic 

cavity. The tissue was then placed in 10% BNF solution for 

fixation and processed for histopathological examination. 

The processed tissue was stained with hematoxylin and 

eosin (H&E) and observed under a light microscope at 100× 

and 400× magnification. Observations of alveolar perimeter 

length, the degree of alveolar wall damage, and the number 

of inflammatory cell distributions were conducted in a 

blinded manner by an anatomical pathologist. 

IL-6 and TNF-α levels were tested for normality using 

the Shapiro-Wilk test. If the data were normally distributed, 

analysis was performed using One-Way ANOVA with the 

Bonferroni post hoc test; if not, the Kruskal-Wallis test with 

the Mann-Whitney post hoc test was used. Two pathology 

experts assessed alveolar perimeter, wall damage, and 

inflammatory cell counts. Ordinal data were analyzed using 

the chi-square test, or, if the assumptions were not met, the 

Kruskal-Wallis test with the Mann-Whitney post hoc test. 

Numerical were tested for normality and homogeneity of 

variance. If both assumptions were met, a One-Way 

ANOVA with the Bonferroni post hoc test was applied; if 

not homogeneous, the Games-Howell test was used. If the 

data were not normal or homogeneous, the Kruskal-Wallis 

test with the Mann-Whitney post hoc test was used. 

3. Result 

 
Figure 1. Histopathological features of rat lung tissue stained with 

Hematoxylin and Eosin (HE), magnification 400×. (K1) negative 

control, (K2) exposure to kretek cigarette smoke, (K3) exposure to 
ascorbic acid–based vape smoke. 
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Table 1. Shapiro-Wilk normality test on IL-6, TNF-α, and 

alveolar perimeter length data 

Para-

meter 

Group Mean ± SD Median 

(min-max) 

P 

IL-6 K1 8,43 ± 0,88 8,73 (7,13-9,64) 0,803* 

 K2 11,45 ± 1,17 11,46 (10,26-

12,87) 

0,149* 

 K3 11,83 ± 1,56 11,57 (9,69-

13,89) 

0,629* 

TNF-α K1 18,76 ± 2,48 19,31 (15,65-

22,35) 

0,720* 

 K2 21,97 ± 4,33 21,29 (17,64-

28,98) 

0,443* 

 K3 18,19 ± 1,62 18,06 (15,65-

20,59) 

0,970* 

The 

alveolar 

perimete

r length 

K1 273,58 ± 

45,28 

270,09 (225,79-

339,67) 

0,260* 

K2 221,17 ± 

47,64 

225,24 (134,29-

267,41) 

0,225* 

K3 261,61 ± 

58,56 

276,67 (165,07-

324,19) 

0,164* 

*Shapiro-Wilk test, homogeneous if p > 0.05. 

 

The Shapiro–Wilk normality test on the data for IL-6, 

TNF-α, and alveolar circumference length in all groups 

showed p-values greater than 0.05, indicating that the data 

were normally distributed. The essential requirement for the 

parametric One-Way ANOVA test is that the data must be 

normally distributed; therefore, all data were analyzed using 

One-Way ANOVA. 

 
Table 2. Comparison test using One-Way ANOVA on IL-6, 

TNF-α, and alveolar perimeter length 

Parameter P  

IL-6 0,000* 

TNF- α 0,075 

The alveolar perimeter length 0,190 

*One-Way ANOVA test, significant if p < 0.05 

The results of the One-Way ANOVA test showed a 

significant difference in IL-6 levels among the three 

treatment groups, whereas no significant differences were 

found in TNF-α levels and alveolar perimeter length among 

the three treatment groups. The analysis of IL-6 revealed a 

significant difference among the three treatment groups; 

therefore, a Post Hoc Bonferroni test was conducted to 

determine the differences between the two treatment 

groups. 
Table 3. Post Hoc Bonferroni test on IL-6 levels 

Group Mean Difference Sig. 

K1 K2 -3,04 0,001* 

K3 -3,40 0,000* 

K2 K1 3,04 0,001* 

K3 -0,36 1,000 

K3 K1 3,40 0,000* 

K2 0,36 1,000 

*Post Hoc Bonferroni test, significant if p < 0.05 

 

The results of the Post Hoc Bonferroni test showed 

a p-value < 0.05 between K1–K2 and K1–K3, 

indicating a significant difference between the two 

treatment groups. The p-value > 0.05 for K2–K3 

indicates that there was no significant difference 

between K2 and K3. The control group (K1) had a 

lower mean value compared to the cigarette group (K2) 

and the ascorbic acid–based vape group (K3), with a 

significant difference. The ascorbic acid–based vape 

group (K3) showed a slightly higher mean IL-6 level 

compared to the cigarette group (K2), but the 

difference between these two treatment groups was not 

significant. 
Table 4. Chi-square test on the median degree of alveolar 

damage 

The degree of alveolar damage 

Group No 

damage 

<25% 26-

50% 

51-

75% 

>75% Total  

K1 4 3 0 0 0 7 

K2 0 0 3 3 0 6 

K3 0 0 6 1 0 7 

Total  4 3 9  4 0 20 

*The Chi-square test showed that 12 cells (100%) had an expected 

count < 5, with the minimum expected count being 0.90. 

 

The results of the Chi-square test showed that more than 

20% of the expected counts were less than 5 (EC < 5: 

100%). Therefore, the assumptions for the Chi-square test 

were not met, and the Kruskal–Wallis test was used as an 

alternative to examine the differences among the three 

groups. The following table presents the differences among 

the three groups based on the Kruskal–Wallis test. 

 
Table 5. Non-parametric Kruskal–Wallis test on the median 

degree of alveolar damage. 

Parameter Group Mean Rank p 

The median degree of 

alveolar damage 

K1 4,00 0,001* 

K2 15,25 

K3 12,93 

*Kruskal–Wallis test, significant if p < 0.05 
 

The results of the non-parametric Kruskal–Wallis test on 

the degree of alveolar damage showed a p-value < 0.05, 

indicating a significant difference among the three groups. 

The Kruskal–Wallis analysis was followed by a post hoc 

Mann–Whitney test to determine the differences between 

the two groups. 

Table 6. Post hoc Mann–Whitney test on the median degree of 

alveolar damage 

Differences between two groups Sig. (2-tailed) 

K1-K2 0,002* 

K1-K3 0,001* 

K2-K3 0,181 

*Post hoc Mann–Whitney test, significant if p < 0.05 

The results of the post hoc Mann–Whitney test are 

considered significantly different when the p-value < 0.05. 

The data showed no significant difference between the 

kretek cigarette smoke exposure group and the ascorbic 

acid–based vape smoke exposure group, as the p-value was 

> 0.05. 
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Table 7. Chi-square test on the median degree of pulmonary 

inflammatory cell distribution 

The degree of inflammatory cell distribution 

Group      0 Mild Moderate Total 

K1 5 2 0 7 

K2 0 5 1 6 

K3 1 6 0 7 

Total 6 13 1 20 

*The Chi-square test showed that 9 cells (100%) had an expected 

count < 5, with the minimum expected count being 0.30. 

The results of the Chi-square test showed that more than 

20% of the expected counts were less than 5 (EC < 5: 

100%). Therefore, the assumptions for the Chi-square test 

were not met, and the Kruskal–Wallis test was used as an 

alternative to examine the differences among the three 

groups. 
Table 8. Non-parametric Kruskal–Wallis test on the median 

degree of pulmonary inflammatory cell distribution 

Parameter Group Mean Rank p 

The median degree of 

pulmonary inflammatory 

cell distribution 

K1 6,21 0,012

* K2 14,17 

K3 11,64 

*Kruskal–Wallis test, significant if p < 0.05 

The results of the non-parametric Kruskal–Wallis test 

on the degree of pulmonary inflammatory cell distribution 

showed a p-value < 0.05, indicating a significant difference 

among the control group (K1), the kretek cigarette treatment 

group (K2), and the ascorbic acid–based vape treatment 

group (K3). The Kruskal–Wallis analysis was followed by 

a post hoc Mann–Whitney test to determine the differences 

between the two groups. 
Table 9. Post hoc Mann–Whitney test on the median degree of 

pulmonary inflammatory cell distribution 

Differences between two groups Sig. (2-tailed) 

K1-K2 0,010* 

K1-K3 0,037* 

K2-K3 0,173 

*Post hoc Mann–Whitney test, significant if p < 0.05 

The groups of rats exposed to kretek cigarette smoke 

and ascorbic acid–based vape showed a higher degree of 

inflammatory cell distribution compared to the control 

group, with a significant difference (p-value < 0.05). The 

group of rats exposed to kretek cigarette smoke also 

exhibited a more severe inflammatory response compared 

to the ascorbic acid–based vape group; however, the 

difference between the two groups was not statistically 

significant (p-value > 0.05). 

4. Discussion 

Cigarette smoke contains toxic substances that can enter 

the bloodstream through the alveoli and capillaries, where 

immune system receptors detect them.18 This triggers 

inflammation by activating the expression of inflammatory 

genes such as IL-6 and TNF-α.19,20 IL-6 is a potent pro-

inflammatory cytokine produced by various cells, including 

T cells, endothelial cells, activated macrophages, and 

smooth muscle cells, to support the immune response 

during infection.21 

In this study, exposure to both conventional and 

electronic cigarettes resulted in increased levels of IL-6; 

however, the increase in IL-6 was not statistically 

significant in either exposure group. The results showed that 

IL-6 levels were higher in the ascorbic acid vape group 

compared to the clove cigarette group. Most non-nicotine 

vape components consist of proprietary chemical mixtures 

that may have broad effects on cytotoxicity and cytokine 

production.22 Compared to non-users, the use of both vape 

and clove cigarettes has also been associated with systemic 

inflammation, marked by elevated inflammatory 

biomarkers such as IL-6.23,24 IL-6 is an inflammatory 

mediator that can be produced by epithelial and smooth 

muscle cells in response to smoking.18 In e-cigarette or vape 

users, IL-6 levels are also elevated compared to non-users.24 

Several studies have shown variations in the effects of 

electronic cigarettes on IL-6 production, which may be due 

to differences in the types of cells used, methods of e-

cigarette exposure, and brand (flavored vs. unflavored).25 

Tumor necrosis factor alpha (TNF-α) is one of the key 

pro-inflammatory cytokines typically secreted by 

macrophages, lymphocytes, and adipocytes as a response to 

cell damage caused by infection or malignant 

transformation.26,27 This study showed that TNF-α levels 

increased in the cigarette group compared to the control 

group, while in the ascorbic acid vape group, the levels were 

slightly lower than in the control group. Although there was 

an increase in TNF-α levels in the cigarette group, no 

statistically significant differences were found among the 

three groups. TNF-α has been identified as a key cytokine 

in the response to cigarette exposure, regulating 

inflammation and promoting neutrophil recruitment 

through the activation of endothelial cells.28 

To fully understand the impact of inflammation, it is not 

sufficient to rely on a single marker alone.29 Inhalation of 

foreign substances can also cause lung injury and 

inflammation aside from cigarette smoking.30 The severity 

of lung injury and inflammation is also related to the amount 

of substance inhaled—the greater the exposure or quantity 

of foreign material inhaled, the more severe the damage and 

inflammation.31 

Lung histopathology was assessed based on alveolar 

perimeter, the degree of alveolar wall damage, and the level 

of inflammatory cell distribution. The alveolar perimeter 

was measured numerically, while the degree of alveolar 

wall damage and the level of inflammatory cell distribution 

were measured ordinally.  

The alveolar perimeter was highest in the control group, 

but there were no significant differences among the three 

groups. An increase in alveolar diameter reflects the loss of 

alveolar septa and indicates emphysematous lesions, which 

are a form of Chronic Obstructive Pulmonary Disease 

(COPD). This enlargement is proportional to the alveolar 

perimeter and is accompanied by alveolar wall damage.32 

Another study also found alveolar lumen enlargement and 

wall thickening, accompanied by mild lymphocyte 
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infiltration, in the control group.33 This alveolar 

enlargement may be caused by various factors, including 

exposure to dust particles, which can lead to respiratory 

system disorders.34 

Rats exposed to kretek cigarette smoke and ascorbic 

acid-based vape showed more severe alveolar wall damage 

compared to the control group, with statistically significant 

differences. However, there was no statistically significant 

difference between the cigarette and vape exposure groups. 

Clove cigarette smoke can increase adenosine and 

activate the XOR enzyme in the lungs, triggering oxidative 

stress, endothelial damage, and apoptosis through the p53 

pathway.32 Nicotine has negative effects on the lungs.35,36 

However, several studies suggest that the effects of 

electronic cigarettes are more influenced by other 

substances in the liquid or aerosol.37 Exposure to nicotine-

free cigarette smoke also causes structural lung damage, 

such as alveolar enlargement, inflammatory cell infiltration, 

and vascular remodeling, resembling emphysema 

commonly seen in COPD.29 

Rats exposed to kretek cigarette smoke and ascorbic 

acid-based vape showed a higher distribution of 

inflammatory cells compared to the control group, with 

statistically significant differences. However, there was no 

statistically significant difference between the cigarette and 

vape exposure groups. 

The histopathological features of the lungs in smokers 

may include emphysema, arterial wall thickening, increased 

bronchial tissue, as well as submucosal and adventitial 

fibrosis.38 The accumulation of inflammatory cells along the 

alveolar walls can lead to alveolar wall thickening, 

disrupting oxygen exchange and potentially affecting blood 

circulation.39,40 Although both the control group and the 

ascorbic acid-based vape exposure group did not contain 

nicotine, a small number of inflammatory cells were still 

observed in the lungs of rats in both groups. This suggests 

that, while nicotine is not the sole cause of lung damage, the 

levels of propylene glycol (PG) and vegetable glycerin 

(VG) in e-cigarettes, as well as tar in conventional 

cigarettes, also contribute to lung injury.41 

5. Conclusion 

Exposure to kretek cigarette smoke containing nicotine 

and ascorbic acid-based vape without nicotine both 

significantly increased inflammatory responses and caused 

lung function damage. Both exposures increased pro-

inflammatory cytokines, such as IL-6 and TNF-α, which 

play crucial roles in the immune response to tissue injury. 

Although the vape did not contain nicotine, other 

components in its liquid, such as propylene glycol, glycerin, 

and flavoring agents, were still capable of triggering 

inflammation. Lung damage was also indicated by 

increased alveolar perimeter, alveolar wall damage, and a 

more widespread distribution of inflammatory cells. These 

findings reflect alveolar enlargement, tissue degradation, 

and immune cell infiltration in response to inhaled irritants. 

Thus, although only kretek cigarettes contained nicotine, 

the ascorbic acid-based vape still showed similarly harmful 

effects on lung tissue. This indicates that being nicotine-free 

does not equate to being risk-free, as other chemical 

contents can also cause inflammation and lung damage. 
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