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Purpose: Smoking is a significant risk factor in developing cardiovascular disease pathogenesis through oxidative stress and
inflammation mechanisms. This study used cotinine as a biomarker of nicotine exposure levels in the body, which was associated
with levels of Interleukin-6 (IL-6) and Superoxide Dismutase (SOD) as markers of oxidative stress and vascular inflammation. The
research aimed to analyze the effect of cotinine levels on the expression of IL-6 and SOD.

Methods: This study used a cross-sectional design on 200 subjects, consisting 100 smokers and 100 non-smokers. Cotinine levels, IL-
6 expression, and SOD were measured from the blood serum of each subject using the Enzyme-Linked Immunosorbent Assay
(ELISA) method. Then the data were analyzed using Generalized Structured Component Analysis (GSCA).

Results: There was a significant effect of cotinine levels on the reduction of SOD mediated by IL-6 (CR = 4.006). Cotinine levels also
increased IL-6 mediated by SOD (CR = 4.292). The structural model shows that higher cotinine levels will increase IL-6 expression,
and conversely, SOD expression will decrease.

Conclusion: High cotinine levels cause an increase in the inflammatory process and oxidative stress in the vasculature of smokers,
which is characterized by high IL-6 expression and low SOD expression.
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Introduction
Smoking is a significant risk factor in developing cardiovascular disease (CVD). Based on data from the World Health
Organization (WHO), around 17.9 million people die every year due to CVD. Furthermore, patients with CVD almost
doubled from 271 million in 1990 to 523 million in 2019." Epidemiological studies have identified several risk factors
for CVD, such as age, family history, hypercholesterolemia, diabetes, physical activity, and smoking. These factors were
related to oxidative stress and inflammation mechanisms, especially cigarette smoke, which plays a significant role in
CVD development.®®

Smoking behaviour is a common habit in many countries. Indonesia is ranked third with the highest number of
smokers in the world (9.91 million), after China (26.5 million) and India (19.8 million). Research from the Ministry of
Health of the Republic of Indonesia shows that smokers in Indonesia are still very high; around 33.8% or 1 in 3 people
are active smokers.”®* Based on this high prevalence rate, it is necessary to avoid smoking behaviour such as counselling,
health checks, smoking ban rules, and sanctions for violators.” Cigarettes sold commercially contain more than 7000
chemical compounds, most of which are sources of free radicals.'®'" The nicotine content in tobacco causes many
adverse vascular effects, such as the development of adenocarcinoma, impaired aortic relaxation, and endothelial
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injury.">'> When nicotine is absorbed in the blood circulation, it causes cellular changes resulting in increased
production of free radicals. These free radicals, in turn, trigger oxidative damage by inactivating the endogenous
antioxidant defence system.'®'®

SOD is the primary antioxidant defence system against superoxide (O, ). Changes in O, levels have been shown to
modulate vascular tone, gene expression, inflammation, cell growth, signalling, and apoptosis. SOD serves as a front-line
defence against ROS in living cells, catalyzing the redox disproportion of O, to H,O? and molecular oxygen.'” SOD
regulates the endothelial function and NO-mediated signalling by inhibiting O,-mediated NO inactivation. This reaction
leads to the formation of nitrite, nitrate, and peroxynitrite anion (ONOO ), which induces endothelial dysfunction,
vascular inflammation, vascular remodelling, changes in vascular tone, increased vascular permeability, and increased
platelet aggregation.

IL-6 is a proinflammatory cytokine released during infection or tissue injury that contributes to innate and adaptive
immune responses.”’*' In blood vessels, IL-6 directly or indirectly induces vascular endothelial injury through disas-
sembly of VE-cadherin and increased expression of C5a receptors on vascular endothelial cells leading to vascular
leakage.?* Thus, IL-6 plays an essential role in vascular inflammation, representing host defence against infection and
tissue injury.

Superoxide dismutase (SOD) is an important antioxidant enzyme. Several studies have shown a significant reduction
in SOD due to cigarette smoke. Furthermore, low SOD expression was found to be related to the inflammatory response,
where Interleukin-6 (IL-6), which is a pro-inflammatory cytokine, will increase.”>** A significant negative correlation
between SOD activity and IL-6 in type 2 diabetic patients was investigated by Arab et al, but the effect of cotinine on
SOD and IL-6 is still unclear.” Cotinine, a metabolite of nicotine, can evaluate the level of nicotine exposure in the
human body for 3—4 days. Therefore, we used cotinine to demonstrate actual nicotine exposure. Therefore, this study
aimed to analyze the effect of cotinine levels on IL-6 and SOD in smokers.

Materials and Methods

Research Design and Baseline Characteristic of Participant

The study used a cross-sectional design. The research subjects were 200 respondents, including smokers (n = 100) and
non-smokers (n = 100). Samples were taken from all participants who met the inclusion criteria; male, aged 20-35 years,
healthy status with no hypertension, dyslipidemia, or diabetes mellitus. Participants who meet these criteria and are
willing to become respondents then fill in their willingness to participate in the research through online forms. The
research variables measured included the respondent’s characteristics (age, type of cigarette, duration of smoking, level
of nicotine addiction), serum cotinine, IL-6, and SOD. Types of cigarettes include: mild (0.8—1.1 mg nicotine/cigarette),
kretek (1.9-2.6 mg nicotine/cigarette), and electric (12 mg nicotine/mL). Smoking duration is the duration of smoking
measured using a questionnaire by asking the beginning of smoking until the study. The Fagerstrom Test for Nicotine
Dependence Heatherton et al was used to determine the level of addiction of smokers.?

Measurement of Cotinine, IL-6, and SOD Levels

Participants who have filled out their consent to participate in the research through online forms are then asked to come
to Saiful Anwar General Hospital for peripheral blood collection. The serum cotinine, IL-6, and SOD levels were
analyzed at the Hospital’s Central Laboratory.

Cotinine and IL-6 levels were detected using Enzyme-Linked Immunosorbent Assay (ELISA) based on the kit
protocol (BT LAB Cat.No E2043Hu, BT LAB Cat.No E0090Hu). Sample and ELISA reagent were added to each well.
First, incubation was carried out for 1 hour at 37°C; then the plate was washed five times, added substrate solutions
A and B. It is then incubated for 10 minutes at 37°C, then added stop solution and color developed, and the OD value
was read at 450 nm within 10 minutes.

SOD expression was detected using ELISA based on the kit protocol (Elabscience®™ Cat.No E-BC-K019-S). First,
30 pL of protein samples in each group were added with 1 mL of working solution of reagent one; 0.1 mL of reagent 2,
0.1 mL of reagent 3, and 0.1 mL of working solution reagent 4 in a row into the tube. Next, mixed thoroughly with
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a vortex mixer incubated for 40 minutes at 370 C. Then, 2 mL of the chromogenic agent was added, then allowed to
stand for 10 minutes at room temperature. Finally, it was set to zero with double distilled water, and the OD value was
measured at 550 nm with 1 cm quartz optics.

Data Analysis

Data analysis of respondents’ characteristics is presented descriptively using the mean =+ standard deviation with a numerical
measurement scale and proportions for categorical measuring data. Differences in Cotinine levels, IL-6, and SOD expression
in the respondent group were analyzed using an independent #-test. The relationship between age, type of cigarette, smoking
duration, and nicotine dependence with Cotinine levels, IL-6, and SOD expression were analyzed by Kruskal-Wallis and
Dunn’s Post-hoc test. Meanwhile, the relationship between Cotinine levels, IL-6, and SOD expression was tested using
Generalized Structured Component Analysis (GSCA). The analysis was carried out with a 95% confidence level.

Results
The characteristics of the respondents are presented in Table 1. The number of respondents based on smoking status is the
same as 50% non-smokers and 50% smokers.

The age of respondents from the group of smokers and non-smokers is homogeneous. Most types of cigarettes used by
smokers are mild cigarettes (50.0%), most of them are at a high addiction level (31.0%). The most prolonged smoking period
was in the range of 6-10 years (36.0%), and the age of 25-30 years was the highest age of all respondents (58.0%).

Table 2 shows the differences in Cotinine levels, IL-6, and SOD expression based on smoker characteristics. The
mean Cotinine levels, IL-6, and SOD expression were insignificant in the age group 20 to 35, meaning that age was not
associated with these three levels. Types of cigarettes significantly differ that kretek cigarettes have the highest levels of
Cotinine levels, IL-6, and SOD expression compared to mild cigarettes or e-cigarettes. Nicotine dependence at moderate
and high levels showed significant differences in Cotinine levels, IL-6, and SOD expression compared to low nicotine
dependence and low-moderate addiction. Cotinine levels, IL-6, and SOD expression at smoking duration 5 and 610, 11—
15 and 16-20 significantly differed from smokers >20 years. Based on Table 2, it is concluded that the type of cigarette,
nicotine dependence and duration of smoking is related to Cotinine levels, IL-6, and SOD expression.

Table | Characteristics of Respondent

Characteristics of Respondent | Smoker (n=100) | Non-Smoker (n=100) | p-value

Age
MeantStandard Deviation 28.617.32 27.2+5.67 0.056*

Type of Cigarette (n, %)

Mild cigarette 50 (50%)
Kretek Cigarette 30 (30%)
E-cigarette 20 (20%)

Nicotine Dependency (n, %)

Low Addiction 20 (20%)
Low-Moderate Addiction 30 (15%)
Moderate Addiction 19 (19%)
High Addiction 31 (31%)

Smoking duration (years)

<5 28 (28%)
6-10 36 (36%)
=15 20 (20%)
16-20 15 (15%)
>20 I (1%)

Note: *Tested using t-independent at 95% confidence level.
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Table 3 shows significant differences in Cotinine levels, IL-6, and SOD expression in the smokers and non-smokers
groups. These results showed that the smokers had high cotinine levels and IL-6 expression, whereas the SOD was low

Table 2 Differences in Cotinine, IL-6, and SOD, Levels Based on Smoker Characteristics

Characteristics of Smoker | Cotinine (ng/mL) IL-6 (ng/L) SOD (pg/mL)
Mean * SD Mean * SD Mean * SD
Age (years)
20-25 26.44 + 10.32° 54.19 £ 10.51° 7549 + 19.87°
25-30 3262 + 12.98° 7251 + 23.25* 62.43+ 17.83°
31-35 39.33 + 15.65° 82.99 + 12.83* 60.30% 21.32*
Type of Cigarette
Mild cigarette 9.88 + 6.25% 44.19 = 3.25° 82.19 £ 3.25°
Kretek Cigarette 63.73 £ 16.25° [10.11 £ 3.25° 53.89 + 3.25°
E-cigarette 24.59 + 10.87° 55.49 + 3.25° 62.11 + 3.25°
Nicotine Dependency Rate
Low Addiction 1332 11.72° 40.19 + 21.45° 110.09 + 27.38"
Low-Moderate Addiction 22.10 £ 9.43° 5251 £ 18.66 81.57 + 34.62%
Moderate Addiction 39.56 + 8.92° 84.69 + 30.48" 4846 + 23.12°
High Addiction 56.45 + 7.38° 102.19 + 34.73° 24.19 + 26.98°
Smoking duration (years)
<5 18.23 + 8.93* 35.67 + 16.33* 102.98 + 22.79*
6-10 23.73 + 7.26° 4452 + 13.57° 93.69 + 30.82*
11-15 3243 +872° 67.84 + 25.82° 6271 + 28.64°
16-20 3842 + 9.54° 81.97 + 24.25° 46.43 + 16.45°
>20 5122 + 11.25° 119.72 + 10.46° 24.68 + 14.52°

Notes: Differences in letters (

a, b, ¢)

compared to the non-smoker group.

The goodness-of-fit model is used to determine the contribution of the independent variable to the dependent variable.
For example, Figure 1 shows that the contribution of cotinine and IL-6 levels to SOD (R2 = 0.202) is 20.2%, while the
remaining 79.8% is the contribution of other variables not discussed in this study. Meanwhile, the contribution of
cotinine and SOD to IL-6 expression (R2 = 0.262) was 26.2%, while the remaining 75.8% was the contribution of other
variables not discussed in this study. Therefore, it can be concluded that the contribution of cotinine and SOD levels to

indicate the distinction in the mean of Cotinine, IL-6, and SOD between characteristics
of smokers at a = 0.05, as indicated by Kruskal-Wallis and Dunn’s Post-hoc test.

IL-6 is more significant than the contribution of cotinine and IL-6 to SOD expression.

In this study, the direct effect hypothesis test tests whether there is a direct effect of exogenous (independent)
variables on endogenous (dependent) variables. If the Critical Ratio (CR) T table (1.96, alpha = 5%), then it is stated that
there is a significant effect. Table 4 shows the significant effect of cotinine levels on SOD (CR = 5947), IL-6 on SOD

(CR = 6841), cotinine on IL-6 (CR = 4942), and SOD on IL-6 (CR = 6200).

Table 3 Differences in Cotinine Levels, Expression of IL-6, and SOD Among

Respondent Groups

Variables Smokers (n=100) | Non-Smokers (n=100) p-value
Cotinine (ng/mL)* 32.84 + 24.97 9.25 £ 3.25 <0.001
IL-6 (ng/L)* 69.94 £ 23.62 4212 £7.23 0.038
SOD (pg/mL)* 66.05 * 25.54 167.48 + 86.61 0.005

Note: *Tested using t-independent at 95% confidence level.
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Cotinine

=-0.226*

y=0.341*

Figure | The contribution of cotinine and IL-6 levels to SOD.
Notes: y, the strength relationships between variables; (-) inverse correlation; (*) significant correlation on a=0.05; R: the coefficient of determination.

y = -0.279*

SOD

IL-6

R2=0.202

y =-0.301*

R2=0.262

The indirect effect hypothesis test was carried out with the aim of testing whether there was an indirect effect of exogenous
variables on endogenous variables through intervening variables. Table 5 shows a significant effect of cotinine levels on SOD
mediated by IL-6 (CR = 4.006). In addition, cotinine levels on IL-6 through SOD also show significant results (CR = 4.292).

Conversion of the path diagram in the structural model is intended to predict the influence of exogenous variables on
endogenous variables. Based on Table 6, it can be seen that the structural models formed are:

Equation 1:

SOD = 1 Cotinine + 2 IL-6 + 1

Table 4 Results of Direct Effect Hypothesis Testing

Exogen Endogen Estimate Standard Error (SE) | Critical Ratio (CR)
Cotinine SOD —0.226 0.038 5.947

IL-6 SOD —0.301 0.044 6.841
Cotinine IL-6 0.341 0.069 4.942

SOD IL-6 —-0.279 0.045 6.200

Table 5 Results of Indirect Effect Hypothesis Testing

Exogen | Intervening Endogen Indirect Coefficient SE CR
Cotinine IL-6 SOD —0.103 0.026 4.006
Cotinine SOD IL-6 0.063 0.015 4.292
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Table 6 Conversion of Path Diagrams into Structural Models

Exogen Intervening Endogen Coefficient
Direct Indirect

Cotinine IL-6 SOD —0.226 —0.103

IL-6 SOD —0.301

Cotinine SOD IL-6 0.341 0.063

SOD IL-6 —-0.279

SOD = —0.226 Cotinine - 0.301 IL-6

Equation 2:

IL-6 = 3 Cotinine + 4 SOD + 2

IL-6 = 0.341 Cotinine - 0.279 SOD

Equation 1 informs that the higher the cotinine level, the lower the SOD (Coefficient=—0.226), the higher the IL-6,
the lower the SOD (Coefficient = —0.301), and the higher the IL-6 caused by the high cotinine content, the higher the
cotinine content tends to be. It can reduce SOD (Coefficient = —0.103). Meanwhile, equation 2 shows that the higher
the cotinine level, the higher the IL-6 (Coefficient = 0.341), the higher the SOD, the lower the IL-6 (Coefficient=
—0.279), and the lower the SOD caused by high cotinine levels. It tends to increase IL-6 (Coefficient = 0.063).

Discussion

Tobacco smoking is the most popular form practised by more than one billion people worldwide, most of whom are
developing countries.® Levels of nicotine addiction range from relatively mild to severe. Minor exposure to smoking may
have little effect on the nicotine dependence profile, where the average smoker absorbs 1-1.5 mg of nicotine from
a cigarette. However, the longer smoking duration may give more significant results.”® We observed male respondents
aged 20-35 years and did not include hypertension, dyslipidemia, and diabetes mellitus. Although the results of the
analysis of the age characteristics of the respondents are homogeneous, it is hoped that the cotinine can solely influence
the variables measured by SOD and IL-6.

Research participants are smokers with an age range of 20-35 years. This age difference did not have a significant
mean difference with cotinine, SOD, and IL-6 levels because the sample was relatively homogeneous in adults. In
general, the level of cotinine metabolism in the liver in adults is faster than in the elderly.”” Meanwhile, IL-6 and SOD
are essential in vascular damage caused by the ageing process. Not only due to increased exposure and impaired ability
of defence mechanisms to fight oxidative stress and inflammation, but also cellular ageing processes may contribute to
changes in vascular function in the elderly.”®

This study showed that kretek smokers had a significant average difference in Cotinine, SOD, and IL-6 levels
compared to mild and e-cigarettes. This phenomenon is caused by kretek cigarettes containing higher levels of nicotine,
tar, and carbon monoxide than mild and e-cigarettes. As a result, kretek smokers have a higher risk of cardiovascular
disease than non-kretek smokers. The results of this study strengthen the opinion of Park and Choi which states that
e-cigarette users have lower Cotinine levels compared to kretek smokers when e-cigarettes contain less nicotine than
kretek cigarettes.”” However, the liquids in e-cigarettes vary in their nicotine level, from liquids that do not contain
nicotine to liquids that are >20 mg/mL.*°

The study showed significant differences in the mean of Cotinine levels, IL- 6, and SOD expression at various levels
of nicotine dependence. The higher the dependence of smokers on nicotine, the higher the levels of Cotinine, IL- 6, and
SOD expression. This statement is in line with Van Overmeire et al who reported a positive relationship between
nicotine, cotinine, and hydroxy-cotinine levels in urine with nicotine dependence in smokers.*' Therefore, cotinine levels
in the blood circulation are a valid biomarker to predict nicotine dependence in smokers.*?

Smokers with long smoking durations have higher Cotinine levels than novice smokers. This condition is caused by
the accumulation of exposure to cigarette smoke they consume and secondhand smoke from smokers in their
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environment. Previous studies revealed that Cotinine levels would increase with increasing duration and number of
cigarettes consumed per day.**** The smoking duration was associated with higher IL-6 and lower SOD. Long-term
cigarette exposure was significantly associated with increased IL-6 protein expression in vitro studies.*” In line with the
findings of this study, several previous studies revealed that cigarette consumption of more than 20 cigarettes/day
showed that smoking with a longer duration increased pro-oxidant/antioxidant balance disorders such as SOD and
MDA 36:37

Cotinine is a specific metabolite of nicotine in tobacco that is commonly used as a quantitative biomarker of cigarette
smoke exposure. Nicotine is primarily metabolized via oxidation by the liver enzyme CYP2A6.%° In culture studies, the
liver enzyme CYP2A6 was involved in the nicotine metabolism in U937 macrophages, causing oxidative stress.*® It is
known that cotinine is an active metabolite, with actions suggesting that cotinine may mediate some of the beneficial
psychoactive effects of nicotine.** However, cotinine metabolites have also been shown to induce tumour promotion in
human lung adenocarcinoma cells by inhibiting apoptosis and increasing cellular proliferation.*” It turns out that there are
conflicting reports regarding cotinine’s beneficial and detrimental effects on the human body. In this study, it was proven
that serum cotinine levels were higher in smokers compared to non-smokers. These results align with previous studies
that consistently increase cotinine in smokers.*! Furthermore, due to its long half-life of about 16-20 hours in the body,
cotinine is detectable for several days after a person has smoked tobacco.*?

Cigarette smoke contains various harmful components that can trigger the development of cardiovascular disease.
Previous studies have suggested that smoking can increase oxidative stress and vascular inflammation. Cigarette smoke
contains various metals, including oxidants and pro-oxidants, that can generate free radicals and increase oxidative
stress.'"** In this study, we found a high expression of IL-6, conversely a lower SOD in smokers than the non-smoker
group. Cigarette smoke is an essential factor in increasing free radicals in the body. Pathological conditions occur when
the amounts of free radicals and antioxidants are imbalanced. Conditions like this will trigger oxidative stress and
stimulate cell peroxidation, which can cause cell damage and death.'®'®

In this study, it was shown that high cotinine levels had a significant effect on decreasing SOD. The cotinine reduces
the pool of antioxidants used to neutralize the increased free radicals that cause oxidative stress. Free radicals and
oxidants present in cigarette smoke and oxidants and radicals produced endogenously due to chemical changes in smoke
in the cellular redox system will cause a pro-oxidative environment.** Many studies have proven that exposure to
cigarette smoke can cause oxidative stress.*>** Previous research revealed that tobacco use could trigger an increase in
oxidative stress, where levels of Malondialdehyde (MDA) increase and SOD decreases due to increased serum cotinine
levels in smokers.*” The presence of this oxidative stress will trigger endothelial damage. When the endothelium is
damaged, it activates the inflammatory process through inflammatory cells, mainly monocytes, which migrate to the sub-
endothelium and bind to endothelial adhesive molecules. Monocytes located in the subendothelial layer will differentiate
into macrophages. Activated macrophages will secrete pro-inflammatory cytokines.’>>' Our previous study showed that
the number of mononuclear cells expressing E-selectin in the blood margin of smokers was higher than that of non-
smokers.'?

Increased systemic inflammation also occurs in individuals with high cotinine levels. This study showed that the
expression of IL-6 cytokines tends to increase due to high cotinine levels. It was found that IL-6 in smokers was higher
than in non-smokers. This finding is also supported by previous studies showing that IL-6-a, IL-1, IL-6 and IL-8 are
increased in smokers.>>>* On the other hand, nicotine stimulates increased expression of IL-6 through the p-38 MAPK/
AP-1 and ROS/STAT-3 signalling pathways that trigger endothelial injury.'>-

The increase of IL-6 also seems to be influenced by the low expression of SOD due to high cotinine levels. The
relationship between SOD and IL-6 turned out to have a negative correlation, where the lower the SOD, the higher the
IL-6 expression.”” Cotinine appears to increase IL-6 through SOD mediation, but the underlying molecular mechanisms
require further investigation. Provisional evidence that SOD may function as an inhibitory agent of neutrophil-mediated
inflammation. Activated neutrophils adhere to the vascular endothelium and transmigrate to the extravascular space,
releasing ROS, protease enzymes, and large amounts of chemokines.’®>’

Inflammatory conditions, oxidative stress, and endothelial dysfunction are fundamental mechanisms in developing
cardiovascular disease, especially atherosclerosis. Knowing this could provide the basis for therapeutic approaches to
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reduce the impact of cardiovascular disease through modulating these factors. However, limitations in this study were
that we did not include other markers such as inflammation and oxidative stress variables. In addition, in the
characteristics of the respondents, we did not collect other variables that might affect the research variables, such as
the drugs used by the respondents. Therefore, these results require further confirmation in other studies.

Conclusion

Cotinine may be a marker of high nicotine exposure that can trigger increased oxidative stress and inflammatory
responses. High cotinine levels are associated with increased inflammatory processes and oxidative stress in the blood
vessels of smokers, which is characterized by high IL-6 expression and low SOD expression. These conditions may
support the pathogenesis of cardiovascular disease development in smokers. Unfortunately, many individuals still find it
challenging to eliminate smoking behaviour, so this research is fundamental to provide information about the dangers of
disease development.
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