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Abstract 
Acute bacterial respiratory tract infections (ABRTIs) remain a significant public 

health concern, particularly due to increasing antibiotic resistance and the resulting 

decline in treatment efficacy. In response, researchers have explored adjunctive 

therapies, including antioxidants, to enhance antibiotic performance and reduce 

oxidative stress-related complications. This study aims to evaluate the effectiveness 

of combining antibiotics with antioxidants in treating ABRTIs by employing a 

qualitative approach through systematic literature review and library research. Data 

were collected from peer-reviewed journals, scientific databases, and relevant 

academic publications spanning the last two decades. The findings reveal that 

oxidative stress plays a crucial role in the progression and severity of bacterial 

infections in the respiratory tract. Antioxidants such as N-acetylcysteine, vitamin C, 

and glutathione have shown promising synergistic effects when combined with 

conventional antibiotics. These combinations not only improve microbial clearance 

but also minimize tissue damage and inflammatory responses. Furthermore, the 

literature indicates a potential role for antioxidants in mitigating antibiotic-induced 

toxicity and in restoring immune balance. However, despite encouraging preclinical 

and limited clinical data, there remains a lack of large-scale, randomized controlled 

trials to confirm the therapeutic advantage of this combination. The study concludes 

that while the integration of antioxidants into antibiotic therapy appears promising, 
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further empirical validation is essential. These findings highlight the importance of 

continued interdisciplinary research to optimize therapeutic protocols for ABRTIs. 

 

Keywords: Acute respiratory tract infection, Antibiotic resistance, Antioxidant 

therapy. 

 

INTRODUCTION 

Acute bacterial respiratory tract infections (ABRTIs) are among the most 
common causes of morbidity and mortality worldwide, particularly affecting 
vulnerable populations such as children, the elderly, and immunocompromised 
individuals Okoh, J. C. (2022). These infections, which include conditions such as 
bacterial pneumonia, bronchitis, and sinusitis, are typically managed with antibiotic 
therapy aimed at eradicating the causative pathogens Cherit, J. G. D. (2021). However, 
the growing prevalence of antibiotic resistance has significantly compromised the 
effectiveness of conventional treatments, prompting the urgent need for innovative 
therapeutic strategies Hopkins, W. G. (2022). 

 
In addition to bacterial proliferation, ABRTIs are often characterized by 

elevated oxidative stress and inflammatory responses, which contribute to tissue 
damage, disease progression, and delayed recovery Pallecchi, L. (2016). Despite this, 
standard treatment protocols largely overlook the role of oxidative imbalance in 
respiratory infections. This presents a notable gap in current research: the limited 
exploration of antioxidant compounds as supportive agents to conventional antibiotic 
regimens Gimeno, M. (2022). While several experimental studies have hinted at the 
potential of antioxidants in mitigating oxidative stress and enhancing immune 
responses, comprehensive qualitative assessments of their synergistic role in treating 
ABRTIs remain scarce Xiao, S. (2025). 

 
Given the increasing global concern over antimicrobial resistance and 

treatment complications, investigating adjunct therapies that may enhance antibiotic 
efficacy is both timely and necessary. Previous studies have examined individual 
effects of antioxidants or antibiotics; however, few have analyzed their combined 
impact in a structured, comparative framework. 

 
This study seeks to address this gap by conducting a qualitative literature-

based investigation into the therapeutic benefits of combining antibiotics and 
antioxidants for ABRTIs. The novelty of this research lies in its integrated perspective 
on infection management, focusing not only on bacterial eradication but also on host 
recovery and oxidative balance Samy, A. E. H. (2024). The primary objective is to 
synthesize existing findings and evaluate the clinical promise of combination therapy. 
The outcomes are expected to inform future empirical studies and guide the 
development of more comprehensive, patient-centered treatment protocols. 
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METHOD 
Type of Research 

This study employs a qualitative research design using a literature review 
approach (also known as library research). The qualitative method was selected to 
allow in-depth exploration and interpretation of existing knowledge, trends, and gaps 
in the use of combined antibiotic and antioxidant therapy for acute bacterial 
respiratory tract infections (ABRTIs). Rather than generating new experimental data, 
the study focuses on synthesizing insights from previously published research to 
develop a comprehensive understanding of the topic. 

 
Data Sources 

The data used in this study consist of secondary data obtained from scientific 
and academic literature. Sources include peer-reviewed journal articles, systematic 
reviews, clinical trials, and reputable scientific reports published within the last 20 
years. These were retrieved from major academic databases such as PubMed, 
ScienceDirect, Scopus, Google Scholar, and SpringerLink, focusing on literature 
discussing antibiotic therapy, antioxidant mechanisms, respiratory infections, and 
their interactions. 

 
Data Collection Techniques 

Data collection was performed using a structured keyword search strategy 
combining terms such as “antibiotics,” “antioxidants,” “respiratory tract infections,” 
“oxidative stress,” and “combination therapy.” Inclusion criteria consisted of articles 
published in English, with clear relevance to the research topic, full-text accessibility, 
and methodological transparency. Articles focusing solely on viral infections, non-
bacterial origins, or non-respiratory diseases were excluded to maintain focus and 
validity. 

 
Data Analysis Method 

The collected literature was analyzed using thematic content analysis, 
identifying recurring patterns, key concepts, and comparative findings across different 
studies. Each article was critically reviewed for its objectives, methodology, findings, 
and relevance to the combination therapy paradigm. The analysis was aimed at 
understanding how antioxidants influence treatment outcomes when used alongside 
antibiotics, the biological rationale behind such combinations, and the reported 
benefits or limitations in clinical settings. 

 
This methodology allows for an evidence-based synthesis of knowledge that can 

support the development of improved therapeutic strategies and inform future clinical 
or experimental research.  

 
RESULT AND DISCUSSION 

The qualitative synthesis of the selected literature reveals compelling evidence 
that supports the potential therapeutic advantages of combining antibiotics with 
antioxidants in the treatment of acute bacterial respiratory tract infections (ABRTIs). A 
common finding across the analyzed studies is the recognition of oxidative stress as a 
significant pathophysiological factor in respiratory tract infections. During bacterial 
invasion, the immune system generates reactive oxygen species (ROS) as part of the 
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host defense mechanism. While these ROS play a role in microbial clearance, their 
excessive accumulation leads to oxidative damage of epithelial tissues, exacerbating 
inflammation, impairing mucociliary clearance, and delaying healing processes. 

 
Several studies report that antioxidants such as N-acetylcysteine (NAC), vitamin 

C, vitamin E, and glutathione precursors possess not only ROS-scavenging capabilities 
but also modulatory effects on inflammation and immune response. When 
administered in conjunction with antibiotics, these compounds appear to enhance 
bacterial clearance indirectly by stabilizing cellular environments and supporting 
epithelial barrier functions. For example, N-acetylcysteine has demonstrated the 
ability to disrupt bacterial biofilms, which are notoriously resistant to antibiotics, thus 
increasing microbial susceptibility to conventional treatment. In some clinical trials, 
adjunctive antioxidant therapy was also associated with a reduction in treatment 
duration and a lower incidence of drug-related side effects, particularly nephrotoxicity 
and gastrointestinal distress. 

 
The literature further suggests that antioxidants may play a protective role 

against the oxidative stress induced not only by infection but also by antibiotics 
themselves, especially in high doses or prolonged use. This dual action—supporting 
host recovery and minimizing drug toxicity—adds a valuable dimension to 
combination therapy. While antibiotics remain indispensable in controlling bacterial 
proliferation, their effectiveness can be compromised by drug resistance mechanisms, 
such as efflux pumps and enzyme-mediated inactivation. Antioxidants, although not 
directly antibacterial, may synergize with antibiotics by modifying the host 
microenvironment and disrupting bacterial defense strategies. 

 
Despite these promising findings, the literature also highlights several limitations 

and inconsistencies. Many of the supportive studies are preclinical or conducted in 
animal models, which may not fully replicate human pathophysiology. Clinical studies 
that do exist often have small sample sizes, short durations, or lack standardized 
dosages and antioxidant formulations, making it difficult to draw definitive 
conclusions regarding efficacy and safety. Moreover, the variation in antioxidant types, 
treatment schedules, and infection severity among patients contributes to the 
heterogeneity of outcomes reported. 

 
Another critical point emerging from the analysis is the need to differentiate 

between systemic and localized antioxidant delivery. Some antioxidants may be more 
effective when administered directly to the site of infection—such as inhaled NAC in 
bronchitis—while others may require systemic administration to exert broad 
immunomodulatory effects. The route of administration, bioavailability, and 
pharmacokinetics of both antibiotics and antioxidants are therefore crucial variables 
that merit further investigation. 

 
In conclusion, the findings from this literature-based analysis underscore the 

therapeutic potential of combining antibiotics and antioxidants in treating ABRTIs. 
This approach aligns with a more holistic understanding of infection management that 
considers not only pathogen eradication but also host recovery and preservation of 
tissue integrity. However, the promising preclinical and preliminary clinical data must 
be substantiated through larger, rigorously designed clinical trials to confirm the 
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safety, efficacy, and optimal protocols for such combination therapies. Until such 
evidence is established, antioxidant-antibiotic combination should be considered as an 
adjunct, not a replacement, within comprehensive, evidence-based treatment 
frameworks. 
 
Discussion 
1. Pathophysiology of Oxidative Stress in Acute Bacterial Respiratory Tract 
Infections 

Acute bacterial respiratory tract infections (ABRTIs) trigger a cascade of immune 
responses aimed at neutralizing the invading pathogens. Among these responses is the 
generation of reactive oxygen species (ROS), which play a critical role in the 
destruction of bacteria. However, excessive ROS accumulation causes oxidative stress, 
which contributes significantly to tissue injury and inflammation in the respiratory 
epithelium. Several studies underscore the correlation between high ROS levels and 
the severity of clinical symptoms in bacterial pneumonia, bronchitis, and sinusitis. 

Oxidative stress exacerbates the clinical progression of ABRTIs by damaging 
cellular structures, impairing mucociliary clearance, and promoting prolonged 
inflammation. Neutrophils, as the first responders during infection, generate large 
amounts of superoxide radicals and hydrogen peroxide that, while antibacterial, also 
compromise lung tissue integrity. This dual effect complicates recovery, leading to 
extended illness duration and a higher risk of complications. 

Antibiotic therapy, although essential for pathogen clearance, does not address 
this oxidative component. As a result, the host’s ability to recover from tissue damage 
is often delayed even after bacterial loads have decreased. This has spurred interest in 
adjunctive therapies that target oxidative stress, aiming to restore physiological 
homeostasis and reduce collateral tissue damage. 

Table 1. Role of Oxidative Stress in the Progression of ABRTIs and Therapeutic Gaps in 
Antibiotic Monotherapy 

Aspect Explanation/Observation Clinical Implication Therapeutic Gap 

Oxidative Stress 
Induction 

Neutrophils release ROS (e.g., 
superoxide radicals, H₂O₂) to kill 
pathogens 

Aids in bacterial 
clearance but also 
harms surrounding 
lung tissue 

ROS-mediated 
damage is not 
addressed by 
antibiotics 

Cellular Damage 
ROS damage epithelial cells, 
proteins, and DNA 

Leads to structural 
compromise of airway 
integrity 

Prolongs tissue 
repair and 
functional recovery 

Mucociliary 
Clearance 
Impairment 

Cilia function is reduced due to 
oxidative and inflammatory 
damage 

Hinders mucus 
clearance, increasing 
risk of secondary 
infection 

Antibiotics do not 
restore mucociliary 
function 

Chronic 
Inflammation 

Sustained ROS levels perpetuate 
inflammatory cytokine release 
(e.g., IL-6, TNF-α) 

Promotes prolonged 
disease symptoms 
and tissue scarring 

Antibiotics do not 
modulate the 
inflammatory 
cascade 

Delayed 
Recovery 

Despite bacterial eradication, 
tissue recovery is slow due to 
persistent oxidative damage 

Extended duration of 
symptoms and higher 
rates of 
hospitalization 

Antibiotics lack 
reparative and 
antioxidant 
functions 
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Aspect Explanation/Observation Clinical Implication Therapeutic Gap 

Adjunctive 
Therapy 
Rationale 

Antioxidants (e.g., NAC, Vitamin 
C) can scavenge ROS and reduce 
inflammation 

Potential to restore 
homeostasis and 
enhance patient 
recovery 

Represents a 
promising addition 
to ABRTI treatment 
protocols 

Current Clinical 
Practice 

Focus remains largely on 
pathogen eradication 

Overlooks host 
factors critical for 
recovery 

Highlights the need 
for integrated 
therapeutic 
strategies 

 
Preclinical studies have confirmed that oxidative markers such as 

malondialdehyde (MDA) and decreased glutathione levels are elevated during ABRTIs, 
suggesting that therapeutic targeting of redox imbalances may be clinically beneficial. 
Furthermore, cytokines like TNF-α and IL-6, which mediate inflammation, are closely 
linked to ROS production, forming a vicious cycle of oxidative-inflammation 
amplification. 

The literature emphasizes that antioxidants have the potential to interrupt this 
cycle. By scavenging excess ROS and modulating inflammatory pathways, antioxidants 
may indirectly enhance the therapeutic efficacy of antibiotics. This underlines the 
necessity of integrating oxidative stress management into standard care for respiratory 
infections. 

Overall, understanding the pathophysiological mechanisms of oxidative stress 
provides a strong theoretical foundation for the combined use of antioxidants and 
antibiotics. It also highlights a critical gap in conventional antibiotic therapy, which 
often neglects the redox imbalance component of infection. 
 
2. Antioxidants as Adjunctive Agents in Respiratory Infection Therapy 

Antioxidants are compounds capable of neutralizing ROS and maintaining 
cellular redox balance. Their role in respiratory diseases, particularly in infections 
where oxidative stress is heightened, has gained increasing attention. Among the most 
studied antioxidants in this context are N-acetylcysteine (NAC), vitamin C (ascorbic 
acid), vitamin E (tocopherol), selenium, and glutathione precursors. 

NAC, a mucolytic and precursor to glutathione, has demonstrated particular 
promise in respiratory infection settings. It has been shown to not only reduce mucus 
viscosity but also to enhance intracellular antioxidant defenses by replenishing 
glutathione reserves. In clinical settings, NAC has been used in combination with 
antibiotics to treat chronic bronchitis and community-acquired pneumonia with 
improved outcomes in symptom resolution and oxidative marker reduction. 

Vitamin C, a potent antioxidant, has shown efficacy in modulating immune 
responses, reducing the severity of infections, and shortening the duration of 
respiratory illnesses. It is believed to protect immune cells from oxidative damage and 
to enhance the chemotactic and phagocytic activity of neutrophils. In combination 
with antibiotics, vitamin C has demonstrated additive effects, improving recovery 
times and reducing the dosage requirements of antibacterial agents. 

Table 2. Comparative Role of NAC and Vitamin C as Antioxidant Adjuncts in Antibiotic 
Therapy for Respiratory Infections 

Aspect N-Acetylcysteine (NAC) Vitamin C (Ascorbic Acid) 

Pharmacological Role Mucolytic agent and precursor to Water-soluble antioxidant 
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Aspect N-Acetylcysteine (NAC) Vitamin C (Ascorbic Acid) 

glutathione (GSH) with immune-enhancing 
properties 

Primary Mechanism of 
Action 

Reduces mucus viscosity and 
replenishes intracellular 
glutathione 

Scavenges reactive oxygen 
species (ROS) and supports 
leukocyte function 

Effects on Oxidative Stress 
Enhances intracellular 
antioxidant defenses by boosting 
GSH levels 

Protects immune cells from 
oxidative injury and restores 
redox balance 

Impact on Immune 
Response 

Modulates inflammatory 
cytokines; reduces neutrophil 
activation 

Enhances chemotaxis, 
phagocytosis, and 
antimicrobial activity of 
neutrophils 

Clinical Applications 
Used in chronic bronchitis, 
COPD exacerbations, and 
community-acquired pneumonia 

Used in viral and bacterial 
respiratory infections, 
including pneumonia and 
bronchitis 

Benefits in Combination 
Therapy 

Improves symptom resolution, 
reduces oxidative markers, 
shortens hospitalization 

Accelerates recovery, reduces 
illness duration, and lowers 
required antibiotic dose 

Evidence from Studies 

Clinical trials report improved 
sputum clearance, decreased 
oxidative stress, better outcomes 
in COPD patients 

Trials show shortened duration 
of infection, fewer relapses, 
and improved leukocyte 
performance 

Limitations/Considerations 
May interact with certain 
antibiotics or be underdosed; 
requires adequate hydration 

High doses may cause 
gastrointestinal discomfort; 
bioavailability can vary 

 
In vitro and in vivo studies have further illustrated that antioxidants can improve 

the intracellular efficacy of antibiotics, especially in the presence of biofilms. Some 
antioxidants, such as quercetin and resveratrol, have been observed to disrupt 
bacterial biofilm formation, which is a major contributor to antibiotic resistance in 
respiratory pathogens. 

Clinical evidence also supports the idea that antioxidants can reduce antibiotic-
related side effects. For instance, co-administration of antioxidants in elderly patients 
undergoing long-term antibiotic treatment has been associated with a lower incidence 
of gastrointestinal and hepatic toxicity, attributed to the protective effects of 
antioxidants on host cells. 

Despite these findings, the variation in antioxidant type, dose, bioavailability, 
and administration route across studies poses challenges in standardizing their use. 
Nonetheless, the general consensus is that antioxidants hold significant potential as 
adjunctive agents, warranting their inclusion in therapeutic guidelines pending further 
clinical trials. 

Antioxidants, therefore, should not be viewed as mere supplements but as 
pharmacologically active agents capable of enhancing the therapeutic index of 
antibiotic regimens. Their use aligns with a more comprehensive and patient-centered 
approach to respiratory infection management. 
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3. Synergistic Effects of Antibiotic–Antioxidant Combinations 
The synergy between antibiotics and antioxidants lies in their complementary 

mechanisms: antibiotics directly target bacterial cells, while antioxidants protect host 
tissues and restore redox homeostasis. This dual-action approach not only enhances 
treatment effectiveness but may also reduce the likelihood of bacterial resistance and 
host tissue damage. 

Experimental studies have demonstrated that antioxidants can potentiate the 
bactericidal activity of antibiotics under oxidative stress conditions. For example, NAC 
has been shown to increase the intracellular concentration of beta-lactam antibiotics, 
thereby improving their efficacy against resistant strains of Pseudomonas aeruginosa 
and Staphylococcus aureus. These effects are partly due to NAC's ability to reduce 
efflux pump activity and disrupt bacterial membranes. 

Biofilm inhibition is another key mechanism through which antioxidants support 
antibiotic action. Bacterial biofilms provide a protective niche for pathogens, impeding 
antibiotic penetration. Certain antioxidants, particularly polyphenols and sulfur-
containing compounds, can inhibit biofilm maturation and reduce the expression of 
biofilm-associated genes, enhancing antibiotic accessibility. 

Clinically, combination therapy has resulted in shorter recovery periods, reduced 
antibiotic dosages, and fewer relapses. For instance, in patients with chronic 
obstructive pulmonary disease (COPD) experiencing bacterial exacerbations, co-
treatment with NAC and antibiotics led to a significant reduction in exacerbation 
frequency compared to antibiotic monotherapy. 

Furthermore, antioxidants may delay or prevent the emergence of resistance by 
reducing the oxidative stress that often triggers bacterial genetic adaptations. Some 
studies indicate that under oxidative stress, bacteria may enter a hypermutation state, 
increasing the likelihood of resistant phenotypes. Antioxidants help maintain 
environmental stability, potentially reducing this risk. 

However, the synergistic effect is not universal across all antioxidant–antibiotic 
combinations. In some cases, antioxidants may inadvertently reduce antibiotic 
effectiveness by interfering with their oxidative mechanisms of action. For example, 
fluoroquinolones rely partly on ROS generation for bactericidal activity; excessive 
antioxidant supplementation may counteract this effect. 

Therefore, understanding the pharmacodynamics of specific antibiotic–
antioxidant pairs is crucial for maximizing therapeutic synergy. Customized protocols 
that consider infection type, pathogen profile, and host factors are necessary for 
optimal outcomes. 
 
4. Clinical Evidence and Limitations of Current Studies 

While preclinical and in vitro studies provide strong evidence for the benefits of 
antioxidant–antibiotic combinations, clinical validation remains limited. Most existing 
human studies are small-scale, observational, or lack rigorous controls, limiting the 
generalizability of their findings. There is a clear need for more randomized controlled 
trials (RCTs) to assess the efficacy, safety, and optimal conditions for combination 
therapy. 

One clinical study conducted in Europe involving patients with community-
acquired pneumonia reported that patients receiving NAC alongside standard 
antibiotics showed faster symptomatic relief and reduced inflammatory markers. 
However, the sample size was under 100, and follow-up periods were short, raising 
concerns about long-term outcomes and reproducibility. 
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In pediatric populations, antioxidant use has been approached cautiously due to 
concerns about dosing and developmental safety. Yet some trials using vitamin C in 
children with bacterial bronchitis demonstrated improved recovery time and fewer 
antibiotic side effects, suggesting potential pediatric applications. 

Many clinical trials also fail to account for confounding variables such as 
comorbidities, nutritional status, and baseline antioxidant levels, which can 
significantly influence treatment outcomes. As a result, findings are often inconsistent 
and difficult to translate into clinical guidelines. 

Another limitation lies in the variability of antioxidant pharmacokinetics. Factors 
such as bioavailability, half-life, and tissue distribution affect their efficacy. For 
instance, orally administered antioxidants may be poorly absorbed or metabolized 
before reaching the infection site, limiting their therapeutic effect. 

Despite these challenges, there is a growing consensus among researchers that 
antioxidant–antibiotic combinations warrant further exploration. Future clinical 
studies should focus on standardized antioxidant formulations, controlled dosages, 
and clearly defined patient populations to ensure reliability. 

Until such high-quality evidence is available, clinicians may consider using 
antioxidants as adjuncts in high-risk or severe ABRTI cases where oxidative stress is 
known to exacerbate pathology, provided their use is informed by existing data and 
monitored for efficacy and safety. 
 
 
5. Implications for Future Therapeutic Strategies 

The integration of antioxidants into antibiotic therapy represents a paradigm 
shift in the management of respiratory infections. Rather than focusing solely on 
pathogen eradication, this approach emphasizes the protection and recovery of host 
tissues, aligning with precision medicine principles. 

From a pharmacological standpoint, future drug development may benefit from 
creating fixed-dose combinations of antibiotics and antioxidants. These could simplify 
treatment protocols, enhance patient adherence, and ensure optimal drug ratios for 
synergistic effects. Several pharmaceutical companies are already investigating such 
formulations in preclinical stages. 

Additionally, the antioxidant–antibiotic model opens avenues for personalized 
medicine. By assessing patients' oxidative stress biomarkers, clinicians could tailor 
adjunctive antioxidant therapy to individual needs, maximizing efficacy and 
minimizing unnecessary supplementation. 

Public health implications are also significant. If antioxidant co-therapy can 
reduce antibiotic dosages or treatment durations, it could contribute to global efforts 
to curb antibiotic resistance—a major threat to health systems worldwide. Such an 
approach would also be cost-effective by potentially reducing hospitalization times 
and drug-related complications. 

Education and training of healthcare professionals will be essential to ensure the 
rational use of combination therapy. This includes awareness of drug–nutrient 
interactions, antioxidant pharmacology, and appropriate patient selection. 

In conclusion, while challenges remain, the combined use of antibiotics and 
antioxidants in ABRTI treatment shows promise as a multifaceted therapeutic strategy. 
It reflects a more holistic understanding of infection dynamics, where both pathogen 
control and host preservation are critical for optimal outcomes. 
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CONCLUSION 
The combination of antibiotics and antioxidants presents a promising therapeutic 

strategy for the treatment of acute bacterial respiratory tract infections (ABRTIs), 

addressing not only the eradication of pathogens but also the mitigation of oxidative 

stress and inflammation that contribute to disease severity and delayed recovery. 

Antioxidants such as N-acetylcysteine and vitamin C have demonstrated the capacity 

to enhance antibiotic efficacy, restore redox balance, protect lung tissue, and improve 

clinical outcomes. While current evidence supports their potential as effective 

adjunctive agents, further large-scale clinical trials are essential to establish 

standardized protocols, optimal dosages, and long-term safety profiles. Integrating 

antioxidant therapy into conventional antibiotic regimens may represent a more 

holistic and effective approach to managing ABRTIs, particularly in the context of 

rising antibiotic resistance and the need for improved patient recovery. 
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