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ABSTRACT  

Saliva, a non-invasive and accessible biological fluid, has emerged as a valuable medium for monitoring health 

and disease. This study explores the impact of smoking on the total antioxidant capacity of saliva (TAC), a critical 

defense against oxidative stress. Conducted as a cross-sectional study from December 2022 to February 2023, the 

research involved students from the Faculty of Dental Medicine in Timișoara. Unstimulated saliva samples were 

collected using standardized procedures to ensure reliability and analyzed with a Trolox-based antioxidant test kit 

(ab65329, Abcam). Among the 70 participants, 40% identified as smokers, with varying cigarette consumption 

patterns. Results demonstrated that smoking significantly reduced salivary antioxidant levels, indicating a 

depletion of natural defenses against free radicals. Smokers exhibited a lower TAC compared to non-smokers, 

supporting a strong causal relationship between smoking and oxidative stress. These findings highlight smoking’s 

detrimental effects on systemic antioxidant status and oral health, underscoring the necessity for targeted 

preventive strategies and interventions to mitigate associated health risks. This study contributes to the growing 

evidence that smoking compromises biological defense systems, with implications for broader health outcomes 

and public health policy. 
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INTRODUCTION 

In the last decade, the use of saliva as a 

biological fluid for diagnostics has gained 

increasing attention due to its non-invasive 

nature, safety, and accessibility. Saliva is 

considered a valuable reservoir of biological 

markers, including biochemical 

components, DNA, RNA, proteins, and 

microbiota structures, offering unique 

opportunities for monitoring health and 

disease. This fluid further provides the 

advantage of reduced pathogen transmission 

risk during collection and eliminates the 

need for invasive procedures, making it a 

promising alternative to serum or urine tests. 

Additionally, recent studies have highlighted 

the importance of salivary total antioxidant 

capacity (TAC) in combating oxidative 

stress, a critical defence mechanism against 

cellular damage caused by reactive oxygen 
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species (ROS). However, environmental and 

lifestyle factors, such as smoking, can 

negatively affect the oxidative balance in the 

body, with significant implications for oral 

and systemic health (1–3). 

The salivary antioxidant system plays a 

pivotal role in neutralizing oxidative stress 

within the oral cavity. This system, 

composed of enzymes such as peroxidase, 

catalase, superoxide dismutase, and 

glutathione peroxidase, alongside small 

molecules like uric acid and vitamins C and 

E, acts as the first line of defence against free 

radicals (4). Oxidative stress, resulting from 

an imbalance between the production of 

reactive oxygen species (ROS) and 

antioxidant defences, has been linked to 

cellular damage and the onset of various 

systemic and oral diseases (5,6). Cigarette 

smoking, a major contributor to oxidative 

stress, significantly alters the salivary 

antioxidant profile. Studies have shown 

conflicting results, with some reporting an 

increase in salivary antioxidant activity in 

response to inflammatory conditions like 

periodontal disease, while others note a 

decrease due to the overwhelming burden of 

oxidative stress induced by smoking. These 

discrepancies highlight the complex 

interplay between environmental factors, 

like smoking, and the body’s defence 

mechanisms, emphasizing the need for 

further research to elucidate these 

relationships. Understanding how smoking 

impacts the antioxidant capacity of saliva is 

essential for identifying targeted strategies to 

mitigate its detrimental effects on oral and 

systemic health. Digestion begins in the 

mouth, where food is mixed with saliva, 

facilitating its passage through the digestive 

tract. Antioxidants play an important role in 

protecting the body against oxidative stress 

caused by pollution and toxic substances. 

Further studies are needed to better 

understand the relationship between 

smoking and salivary antioxidants and to 

develop effective strategies for preventing 

and treating oral diseases caused by 

oxidative stress (7–11).  

Smoking is a major contributor to 

oxidative stress, particularly in the oral 

cavity, where cigarette smoke (CS) directly 

interacts with salivary components. CS 

contains thousands of chemicals, including 

free radicals and ROS, which exacerbate 

oxidative damage. This exposure disrupts 

the delicate balance between oxidants and 

antioxidants in saliva, reducing its natural 

protective functions. Furthermore, the 

chronic oxidative stress induced by smoking 

not only affects oral tissues but also initiates 

systemic effects, linking it to conditions such 

as cardiovascular disease, chronic 

obstructive pulmonary disease, and cancers. 

In the oral cavity, the prolonged interaction 

of cigarette smoke with salivary components 

contributes to increased tissue inflammation 

and impairs healing processes. These 

multifaceted impacts underline the 

importance of evaluating how smoking 

specifically alters salivary antioxidant 

capacity, providing insights into its role in 

oral and systemic pathologies. Saliva -based 

tests have been successfully used in 

diagnosing human immunodeficiency virus 

(HIV) infection, monitoring kidney disease, 

preventing cardiometabolic risk, detecting 

and quantifying viral nucleic acids, dental 

studies, and monitoring drug use. (12,13). 

While antioxidants are critical in 

counteracting oxidative stress and 

maintaining cellular integrity, the balance 

between oxidative and antioxidative forces 

is crucial for preventing adverse outcomes. 

Smoking disrupts this balance by 

introducing high levels of reactive oxygen 
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species (ROS), exacerbating oxidative 

stress, and overwhelming the body's 

antioxidant defences. This imbalance 

contributes to molecular damage, including 

DNA mutations, lipid peroxidation, and 

protein oxidation, which are key processes in 

the development of chronic diseases such as 

cancer. The paradoxical role of antioxidants 

also underscores the complexity of oxidative 

stress in pathophysiology. While 

antioxidants can mitigate ROS-induced 

damage, excessive or unregulated use has 

been associated with unintended effects, 

such as reduced efficacy of cancer therapies 

and potential protection of malignant cells. 

In the oral cavity, these dynamics are 

particularly relevant, as smoking-related 

oxidative stress significantly impacts 

salivary antioxidant capacity. Understanding 

the nuanced interplay between ROS, 

antioxidants, and smoking in the oral 

environment is essential for developing 

effective prevention and intervention 

strategies aimed at reducing smoking-related 

health risks (14–16). 

Studying the effects of smoking is 

essential to understanding its negative 

impact on health and developing effective 

prevention and treatment strategies. 

Smoking remains one of the leading 

preventable causes of morbidity and 

mortality worldwide, associated with a wide 

range of chronic diseases such as cancer, 

cardiovascular disorders, respiratory 

conditions, and metabolic dysfunctions. 

Among its numerous harmful effects, 

smoking significantly reduces the 

antioxidant capacity of saliva, an essential 

fluid for maintaining both oral and systemic 

health. This reduction exacerbates oxidative 

stress, contributing to the development of 

chronic conditions such as chronic 

obstructive pulmonary disease (COPD), 

periodontal disease, and oral cancer (17,18). 

 

 

MATHERIALS AND METHODS 

The study was a cross-sectional 

investigation conducted between December 

2022 and February 2023, within the Clinic of 

Preventive, Community Dentistry and Oral 

Health, Department I, University of 

Medicine and Pharmacy “Victor Babes”, 

Timisoara, Romania, involving volunteers 

who participated on a strictly voluntary 

basis. All participants, students in their fifth 

year of Oral Health studies at the Faculty of 

Dental Medicine, provided informed consent 

after thoroughly reading and signing a 

consent form, ensuring adherence to ethical 

standards. The research followed the ethical 

principles outlined in the World Medical 

Association's Declaration of Helsinki (1964) 

and received approval from the Ethical 

Committee of the "Victor Babeș" University 

of Medicine and Pharmacy, Timișoara, 

Romania (approval no. 34/2018). 

Participants completed a structured 

questionnaire developed by the College of 

Romanian Dentists (CMSR), which is 

implemented and widely used in dental 

offices across Romania for consistent data 

collection. The questionnaire captured 

personal and demographic information, 

including age, sex, residence, and general 

health status. Specific details about smoking 

habits were also gathered, such as smoking 

status (smoker or non-smoker), duration of 

smoking, past smoking history, daily 

cigarette consumption, and the type of 

cigarettes used (traditional or electronic). 

This approach ensured the collection of 

comprehensive data to assess the potential 

relationship between smoking and salivary 

antioxidant capacity.  
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To analyse the effects of smoking on the 

antioxidant capacity of saliva, standardized 

methods were implemented. Saliva was 

collected using the drainage method, 

recognized as the most suitable technique for 

obtaining unstimulated saliva. Strict 

adherence to established protocols ensured 

the validity and reliability of the samples 

collected. Inclusion criteria required 

volunteers to sign the informed consent form 

and comply with the study rules. Exclusion 

criteria included individuals who failed to 

provide informed consent or had consumed 

food, beverages, smoked, or used toothpaste 

within two hours prior to sample collection. 

Unstimulated saliva collection is essential 

for obtaining accurate measurements of 

antioxidant levels, as stimulation can alter its 

chemical composition and affect the results. 

This method allows for a proper evaluation 

of the natural antioxidant state of the body, 

eliminating external variables that could 

influence outcomes. The unstimulated 

collection method involves simply spitting 

saliva into sterile containers without 

gustatory or olfactory stimuli, which could 

increase salivary flow and alter its chemical 

composition. For instance, acidic tastes can 

increase salivary flow and affect enzyme and 

antioxidant concentrations. Moreover, 

standardized collection procedures reduce 

inter-individual variability, ensuring that any 

observed differences between groups are due 

to real biological factors rather than 

methodological variations. This is a common 

and well-accepted practice in biochemical 

and clinical research, being crucial for the 

validity and reproducibility of studies.  

The saliva collection process was 

conducted between 8:00 and 11:00 a.m. to 

minimize circadian variations. Volunteers 

were asked to relax in a designated room to 

acclimate to the environment before sample 

collection (19). The saliva was deposited 

into sterile tubes (Eppendorf) and stored at 

4°C until transport to the laboratory for 

analysis. Eppendorf tubes, durable and 

chemically resistant microcentrifuge tubes, 

are essential in molecular biology and 

biochemistry for storing, mixing, and 

centrifuging small liquid volumes in 

applications such as DNA/RNA extraction, 

PCR, and enzyme assays.  

The total antioxidant capacity of saliva 

was measured using a commercially 

available assay kit (ab65329, Abcam, 

Cambridge, UK). The method is based on 

the reduction of Cu²⁺ to Cu⁺, which forms a 

coloured complex that generates an 

absorption curve at approximately 570 nm. 

Results were calibrated using Trolox 

equivalents, a standard antioxidant 

reference. To prepare the Cu²⁺ working 

solution, 1 part Cu²⁺ reagent was mixed with 

49 parts of the testing liquid, and 100 µL of 

this solution was used for each saliva 

sample. The Trolox standard solution (1 

mM) was prepared by combining 20 µL of 

dimethyl sulfoxide (DMSO) with 980 µL of 

double-distilled water. From this base 

solution, six standard solutions with 

decreasing concentrations were created by 

diluting the Trolox solution with double-

distilled water in specific volumes: 0 µL, 12 

µL, 24 µL, 36 µL, 48 µL, and 60 µL of 

Trolox solution were mixed with 300 µL, 

288 µL, 276 µL, 264 µL, 252 µL, and 240 

µL of double-distilled water, respectively. 

Saliva samples were prepared by diluting 1 

µL of saliva with 99 µL of double-distilled 

water. For analysis, 100 µL of each standard 

solution and 100 µL of each saliva sample 

were added to separate wells on a well plate. 

To initiate the reaction, 100 µL of the Cu²⁺ 

working solution was added to each well. 

The plate was incubated for 90 minutes at 
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room temperature on an orbital shaker, 

protected from light to prevent 

photodegradation. Absorbance values were 

measured at a wavelength of 570 nm using a 

microplate reader. A standard curve based 

on Trolox equivalents was plotted, and the 

TAC of each sample was calculated 

according to the curve. The Trolox 

concentration (nmol/µL) in the tested 

samples was determined using the formula: 

 

     
Ts = Amount of TAC in the sample well 

calculated from the standard curve (nmol), 

Sv = Volume of sample added to the well 

(µL), 

D = Sample dilution factor. 

Statistical analysis was conducted using 

SPSS version 23 (IBM, Chicago, Illinois, 

USA). Descriptive statistics, including the 

calculation of means and standard 

deviations, were performed to evaluate 

salivary total antioxidant capacity (TAC). 

An unpaired Student's t-test was used to 

compare TAC values between smokers and 

non-smokers. Additionally, Pearson’s 

correlation coefficient was applied to assess 

potential relationships between TAC and 

other variables, such as age and daily 

cigarette consumption. A significance level 

of p < .05 was set for all statistical tests. 

 

 

 

RESULTS AND DISCUSSIONS 

The study analysed data from 70 students 

(26 men and 44 women) in their fifth year of 

Oral Health studies at the Faculty of Dental 

Medicine, "Victor Babeș" University of 

Medicine and Pharmacy in Timișoara. 

Participants were aged between 22 and 28 

years, with a mean age of M = 23.53 (±4.19). 

The analysis focused on evaluating the 

impact of smoking on the total antioxidant 

capacity (TAC) of saliva. 

Among the 70 students in the study, 40% (N 

= 28) were identified as smokers, with 

28.5% (N = 20) preferring traditional 

cigarettes and 11.4% (N = 8) using electronic 

cigarettes. The number of cigarettes smoked 

daily varied between 2 and 20, with 10% (N 

= 7) reporting a daily consumption of 20 

cigarettes. The control group consisted of 28 

non-smokers.

 
Figure 1. Distribution of Smoking 

Preferences and Non-Smokers Among 

Study Participants 

Significant differences in salivary TAC 

were observed between smokers and non-

smokers, with smokers exhibiting a marked 

reduction in antioxidant levels. This 

reduction underscores the potential 

oxidative stress imposed by smoking on oral 

and systemic health. Descriptive analyses 

further explored variables such as sex, age, 

and smoking habits, providing a 

comprehensive understanding of the factors 

influencing salivary TAC. 

The graph illustrates the Total 

Antioxidant Capacity (TAC) values for 

smokers, categorized by gender (F = Female, 

M = Male), with values ranging from 0.5 to 



Romanian Journal of Oral Rehabilitation 

Vol. 17, No.1 January-March 2025 

 

539 
DOI : 10.62610/RJOR.2025.1.17.52 

5.8. Female smokers exhibit greater 

variability, with peaks exceeding 5.0 in some 

cases, while male smokers show a narrower 

range, typically between 1.0 and 4.5. This 

notable difference suggests potential gender-

related influences on salivary antioxidant 

capacity. The consistently low TAC values, 

particularly among males, underscore the 

oxidative stress caused by smoking and its 

detrimental effect on the body's antioxidant 

defenses. These findings highlight the need 

for further investigation into gender-specific 

responses to oxidative damage in smokers 

(Figure 2). 

 

 

 
Figure 2. Total Antioxidant Capacity 

(TAC) Results for Smokers by Gender 

 

The results from Figure 2 indicate 

significant differences in the total 

antioxidant capacity (TAC) of saliva 

between men and women, with average TAC 

values slightly higher in women. This may 

suggest a biological difference in antioxidant 

mechanisms between the sexes. One 

possible factor for this difference is the 

presence of estrogens, the female sex 

hormones, which have antioxidant 

properties and can influence the metabolism 

of antioxidants, thus providing women with 

a higher antioxidant capacity. Additionally, 

health-related behaviors such as diet and 

antioxidant intake may vary between sexes 

and influence the levels of antioxidants in 

saliva 

Figure 3 illustrates the Total Antioxidant 

Capacity (TAC) levels for smokers across 

different ages. The orange bars represent the 

ages of smokers, ranging from 22 to 28 

years, while the blue bars indicate the 

corresponding TAC levels. The TAC values 

for smokers show notable variability, with 

values ranging from below 5 to 

approximately 25. However, there is no 

apparent direct correlation between age and 

TAC levels among the smoker group. The 

results indicate variations in the total 

antioxidant capacity (TAC) of saliva across 

different age groups, with a noticeable 

decline in TAC levels as age increases. 

 

 

              Figure 3. Total Antioxidant 

Capacity (TAC) of Smokers by Age 

The results indicate variations in total 

TAC based on age, showing a noticeable 
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decline as age increases. This trend reflects a 

decrease in the body's antioxidant defenses 

over time, likely due to aging-related 

physiological changes. As individuals age, 

the production of free radicals tends to 

increase, while the synthesis of endogenous 

antioxidants declines. This imbalance 

between the generation of ROS and the 

body's ability to neutralize them leads to 

chronic oxidative stress. Chronic oxidative 

stress is a well-documented contributor to 

aging and is associated with various 

diseases, including neurodegenerative 

disorders, cardiovascular conditions, and 

cancer. 

Figure 4 illustrate the statistical analyses 

used to compare TAC levels between 

groups, with p-values consistently below 

0.001, indicating high statistical 

significance. These findings confirm that the 

observed differences in TAC are unlikely to 

be due to chance, thereby validating the 

study's conclusions. Smokers were found to 

have a significantly lower mean TAC value 

(2.09 mM) compared to non-smokers (3.80 

mM), highlighting the detrimental impact of 

smoking on the body's antioxidant status. 

Descriptive analysis further supports this, 

showing a greater range and variability in 

TAC levels among smokers, with values 

ranging from 0.21 to 5.61 mM, compared to 

1.62 to 8.53 mM in non-smokers. The higher 

skewness and kurtosis values in smokers 

reflect a concentration of lower TAC levels, 

emphasizing the oxidative stress associated 

with smoking. 

These findings reinforce the hypothesis 

that smoking has a direct and negative 

impact on antioxidant capacity. The robust 

statistical significance of p-values (<0.001) 

strengthens the causal link between smoking 

and reduced TAC levels, further supporting 

the need for targeted interventions to 

mitigate oxidative damage and promote oral 

and systemic health. 

 

 
Figure 4. Comparison of Total 

Antioxidant Capacity Metrics Between 

Smokers and Non-Smokers 

 

Discussion 

This study highlights the profound impact of 

smoking on the TAC of saliva, 

demonstrating a consistent reduction in TAC 

among smokers compared to non-smokers. 

These findings align with existing literature, 

which associates smoking with increased 

oxidative stress and compromised 

antioxidant defenses. The observed data 

underscore the detrimental effects of 

smoking on both oral and systemic health, as 

oxidative stress plays a central role in the 

development of chronic conditions such as 

periodontal disease, cardiovascular 

disorders, and cancer (20,21). 

Furthermore, gender and age-related 

variations in TAC observed in the study 

suggest the significant influence of 

biological and lifestyle factors. Hormonal 

differences, such as the antioxidant 

properties of estrogens, appear to provide 

protective effects in younger women, 

resulting in higher TAC levels compared to 

men. However, these differences tend to 

diminish or reverse with age, likely due to 

hormonal changes associated with 

menopause. Aging itself is closely linked to 

a decline in endogenous antioxidant 

synthesis and an increase in free radical 
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production, which collectively exacerbate 

oxidative stress. Lifestyle factors, such as 

diet, physical activity, and smoking 

intensity, further modulate these patterns, 

emphasizing the need for personalized 

preventive strategies to mitigate smoking-

induced oxidative damage (22–24). 

A significant correlation between 

smoking intensity and reduced TAC 

observed in the study provides valuable 

insights into the cumulative burden of 

oxidative stress imposed by smoking. This 

relationship reinforces the importance of 

smoking cessation as a critical measure to 

preserve antioxidant capacity and promote 

overall health. Additionally, these findings 

warrant further exploration into the long-

term effects of smoking cessation on the 

restoration of salivary antioxidants(25,26). 

Future research could also investigate 

therapeutic approaches aimed at 

counteracting oxidative stress in smokers to 

support health recovery and maintenance 

The study possesses several notable 

strengths that enhance its relevance and 

reliability. The use of saliva as a non-

invasive biological fluid for TAC analysis 

offers a practical, patient-friendly 

methodology suitable for both clinical and 

research contexts. Standardized saliva 

collection and TAC measurement 

procedures, employing a validated Trolox-

based assay, ensured consistency and 

reproducibility of results. Additionally, the 

study's comprehensive analysis of smoking 

intensity, type of cigarettes, and 

demographic variables, such as age and sex, 

provides a nuanced understanding of how 

these factors interact to influence salivary 

antioxidant capacity. By addressing both 

oral and systemic health implications, the 

research contributes to a broader 

understanding of oxidative stress 

mechanisms triggered by smoking (1,6,26). 

Despite these strengths, certain 

limitations must be acknowledged. The 

cross-sectional design restricts the ability to 

infer causality or assess the long-term effects 

of smoking on TAC, limiting the 

conclusions drawn from the data. 

Furthermore, the relatively small sample 

size, restricted to dental students from a 

single institution, may limit the 

generalizability of the findings to wider 

populations. Reliance on self-reported data 

regarding smoking habits and stress levels 

introduces potential for recall bias or 

inaccuracies in data collection. Moreover, 

dietary factors and antioxidant intake, which 

are known to influence TAC levels, were not 

accounted for, potentially confounding the 

results. These limitations underscore the 

importance of future longitudinal and 

multicenter studies with larger, more diverse 

samples and controlled variables to validate 

and expand upon the findings presented 

here. 

 

 

CONCLUSIONS 

Saliva is a valuable non-invasive 

diagnostic tool for monitoring oxidative 

stress in clinical and public health settings. 

Smoking significantly reduces salivary 

antioxidant capacity (TAC) compared to 

non-smokers, contributing to oxidative 

stress and health issues. TAC declines with 

age, reflecting a reduced ability to counteract 

oxidative stress over time. Differences in 

TAC levels between sexes highlight 

hormonal and lifestyle factors, with 

estrogens in women offering protective 

effects that decrease with menopause. Future 

research should investigate the cumulative 

effects of smoking and stress on salivary 

antioxidants and explore molecular 

mechanisms for targeted therapies. 
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