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Abstract

Introduction

Respiratory diseases, such as chronic sinusitis, asthma, and URTIs, are among the leading

global health burdens, affecting tens of millions of people every year. These conditions often

involve chronic inflammation, impaired mucociliary function, and obstruction of the airways,

leading to deteriorating respiratory health. Classic pharmacological treatments, involving

corticosteroids and bronchodilators, focus on symptom alleviation but are commonly linked

with a variety of side effects and deficiencies in adequately targeting the disease mechanisms.

The natural compound 1,8-cineole is a monoterpene present in eucalyptus oil and has received

attention in recent times as an alternative therapeutic agent for respiratory diseases. Its anti-

inflammatory, antioxidant, mucolytic, bronchodilatory, antiviral, and antimicrobial effects

may be beneficial in the management of these diseases. Clinical evidence has shown that 1,8-

cineole provides symptom relief, improves lung function, and enhances quality of life,

mailto:marcinmycyk@gmail.com
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particularly in patients with COPD, asthma, and chronic sinusitis. Besides, due to its good

safety profile and minimal side effects, it represents a very attractive adjunctive treatment

option.

The mechanisms of action and clinical applications of 1,8-cineole in respiratory diseases were

examined, with the emphasis on the effects of this substance against inflammation, infection,

and airway remodeling. The current evidence has been summarized herein, underlining the

potential for 1,8-cineole to serve as a natural, multifunctional agent in respiratory therapeutics.

1,8-Cineole represents a promising alternative or Methods

This review synthesizes both classic and contemporary research findings on the mechanisms

of action, clinical efficacy, and safety profile of 1,8-cineole. A comprehensive literature

search was conducted across peer-reviewed journals to provide a balanced and evidence-

based overview.

Results

Evidence indicates that 1,8-cineole effectively modulates inflammatory pathways by

inhibiting cytokine release and suppressing arachidonic acid metabolism. Clinical trials

demonstrate its efficacy in reducing symptoms of chronic sinusitis, improving pulmonary

function in asthma, and alleviating symptoms in URTIs. Safety data support its tolerability,

with mild gastrointestinal discomfort reported in rare cases.

Conclusion

adjunctive treatment for inflammatory respiratory conditions. Future research should focus on

optimizing delivery methods and investigating its synergistic potential with existing therapies.

Keywords: 1,8-Cineole; respiratory diseases; chronic sinusitis; asthma; URTIs; anti-

inflammatory; mucolytic therapy; immunomodulation.
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Introduction

Respiratory diseases represent a significant global health burden, affecting millions

annually. Among these, chronic sinusitis, asthma, and URTIs are characterized by

inflammation and impaired respiratory function. Traditional pharmacological treatments, such

as corticosteroids and bronchodilators, provide symptom relief but are often associated with

adverse effects. Eucalyptol therapy markedly improved breathing difficulties, lung function,

and overall quality of life compared to a placebo in patients with stable COPD. [1] The

natural compound 1,8-cineole offers an alternative therapeutic approach, with evidence

supporting its diverse biological properties, such as anti-inflammatory, antioxidant, free

radical scavenging, mucolytic/secretolytic, bronchodilatory, antiviral, and antimicrobial

effects, as highlighted in other reviews. [2] This review explores the impact of 1,8-cineole on

these conditions, emphasizing its mechanisms of action and clinical applications.

Mechanisms of Action of 1,8-Cineole

Anti-Inflammatory Properties

1,8-Cineole modulates key inflammatory pathways by inhibiting the release of pro-

inflammatory cytokines, such as tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and

interleukin-6 (IL-6). [3] It also suppresses the arachidonic acid cascade, reducing

prostaglandin and leukotriene production, as demonstrated in clinical and in vitro studies. [4]

[5] Furthermore, it downregulates cyclooxygenase-2 (COX-2) and 5-lipoxygenase pathways,

leading to decreased inflammatory mediator levels. [1]

Mucolytic and Symptom Relief Properties

Cineole’s mucolytic properties stem from its ability to enhance ciliary beat frequency

and reduce mucus viscosity, promoting efficient mucus clearance from the respiratory tract. [6]

Clinical trials have reported that patients with URTIs treated with cineole experience faster

symptom resolution, including reduced nasal discharge and improved airflow.

The impact of 1,8-cineole on regulating mucus hypersecretion was investigated using an ex

vivo model of experimental rhinosinusitis in lipopolysaccharide (LPS)-stimulated nasal slice
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cultures. For the first time, the study demonstrated a significant reduction in mucin-filled

goblet cells and decreased expression of mucin genes MUC2 and MUC19, accompanied by

notably reduced activity of the nuclear factor kappa B (NF-κB) pathway. [7]

Immunomodulation

The compound also exerts immunomodulatory effects by regulating Th1/Th2 balance

and reducing oxidative stress within the respiratory epithelium. [8] Recent research highlights

its ability to enhance interferon regulatory factor 3 (IRF3) activity, providing an antiviral edge

in managing respiratory infections. [9]

Antiviral Activity

Studies reveal the antiviral capabilities of 1,8-cineole, particularly in addressing

rhinoviruses and coronaviruses, key contributors to the common cold. [10] This prevalent

condition affects adults’ multiple times annually and arises mainly from respiratory infections

caused by these viruses, with influenza playing a secondary role. Typical manifestations,

including sneezing, sore throat, coughing, and fatigue, underline the potential of 1,8-cineole

as an effective natural agent for mitigating symptoms and combating viral infections. [11]

The antiviral mechanism of 1,8-cineole involves its ability to modulate key signaling

pathways in response to viral infections. First 1,8-cineole significantly enhances IRF3 activity,

a critical transcription factor in antiviral responses. This activation leads to the expression of

antiviral cytokines such as IFN-β and RANTES, which help mediate the immune response to

ssRNA viruses like rhinoviruses. [10] Secondarily, while boosting IRF3 activity, 1,8-cineole

concurrently suppresses NF-κB signaling, reducing the production of pro-inflammatory

cytokines like TNFα. This dual action limits excessive inflammation, which is a hallmark of

severe respiratory infections and associated complications. [12] What is more, 1,8-cineole has

been shown to directly inactivate free viral particles, as observed with other terpenoids against

viruses like HSV-1. [13]. Finally, in models simulating bacterial co-infections, 1,8-cineole

enhances IRF3 nuclear translocation and increases the expression of antiviral genes, further

emphasizing its therapeutic potential during complex infections such as rhinosinusitis. [10]

Antimicrobial Activity
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Previous research exploring the synergistic effects of essential oils, such as cineole,

combined with antimicrobial agents like chlorhexidine, suggests that their enhanced activity

may result from targeting either distinct or overlapping sites on bacterial cells. [14][15]. The

studies assessed the antimicrobial properties of chlorhexidine (CHG) in combination with 1,8-

cineole against a range of pathogens, including S. aureus, MRSA, E. coli, K. pneumoniae, E.

faecalis, P. aeruginosa, and C. albicans.This synergy suggests that combining CHG with 1,8-

cineole may provide an effective strategy for improving antimicrobial treatments, aligning

with prior research that underscores the antimicrobial potential of both compounds. [16] [17]

Biofilm formation significantly hinders the effectiveness of antimicrobial treatments due to its

low permeability. However, 1,8-cineole has demonstrated the ability to penetrate E. coli

biofilm, with its efficacy potentially increasing under conditions of osmotic stress. [18]

Recent studies demonstrated that essential oils derived from Eucalyptus globulus, with

1,8-cineole comprising the majority of its metabolites (65.83%), exhibited antimicrobial

activity against Streptococcus mutans, including in biofilm cultures mimicking dental plaque

conditions. [19] Studies on the pathogenic S. aureus, the predominant bacterial species in

chronic rhinosinusitis, revealed that 1,8-cineole not only inhibits bacterial growth but also

plays a critical role in suppressing proteins specifically associated with biofilm formation,

highlighting its importance in combating biofilm-related infections. [20]

Safety and Tolerability

Clinical data support the safety of 1,8-cineole, with mild adverse effects such as

gastrointestinal discomfort reported in rare cases. The MDPI study specifically highlights

mild gastric distress such as nausea or diarrhea was described as a potential side effect in a

few patients in a bronchial asthma study. [21] Contraindications include use in infants,

children under the age of 5 and also individuals with hypersensitivity to eucalyptus oil.

[22][23] However, its tolerability profile is highly favorable compared to traditional

pharmacological treatments. Long-term studies confirm the absence of significant

toxicological risks, making it suitable for prolonged use in chronic conditions.

Clinical Applications

Upper Respiratory Tract Infections (URTIs)
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The common etiology of URTIs involves viral pathogens that cause inflammation and

congestion of the upper respiratory tract. A growing body of evidence has pointed toward the

therapeutic role of 1,8-cineole in URTIs due to its unique combination of antiviral, anti-

inflammatory, and mucolytic properties. It is this property that enables this compound to act

effectively against the root causes of URTI and its symptoms.

A randomized, double-blind, placebo-controlled study evaluated the efficacy of 1,8-

cineole in patients with acute non-purulent rhinosinusitis. Participants received two 100 mg

capsules of cineole three times daily for 7 days. The study found a significant reduction in

mean symptom scores after both 4 and 7 days of treatment, along with an improvement in

headache symptoms. [24]

Cineole has been shown to significantly reduce cough frequency, a clinically relevant

parameter, thanks to its well-established anti-inflammatory and mucolytic properties. Acute

bronchitis, which typically involves a persistent cough lasting more than five days and

purulent sputum production in about half of patients, is primarily caused by viral pathogens

such as influenza, parainfluenza, respiratory syncytial virus, coronavirus, adenovirus, and

rhinovirus. Effective treatment should target the underlying pathophysiology and alleviate

symptoms without causing significant side effects. Given its anti-inflammatory and

bronchodilatory effects, cineole is considered a promising therapeutic option for acute

bronchitis, fulfilling the criteria for a safe and effective treatment. [25]

Potential Role of Eucalyptol (1,8-Cineole) in COVID-19 Management

In the wake of the SARS-CoV-2 pandemic, researchers explored novel strategies to

combat the virus. Among these approaches, attention was also directed toward the potential

application of eucalyptol.

Computer modeling studies conducted by Sharma A.D. have explored the potential

therapeutic applications of eucalyptol (1,8-cineole) in the context of COVID-19. [26]

In silico studies suggest that eucalyptol may inhibit the main protease (Mpro) of SARS-CoV-

2, a critical enzyme involved in viral replication. Molecular docking analyses indicate that

functional groups within the eucalyptol molecule, such as hydroxyl (-OH), ketone (=O), and

ether (-O-) groups, can interact with key amino acids in the active site of Mpro, potentially

blocking its activity. These findings highlight the potential of eucalyptol as a viral replication
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inhibitor, though further in vitro and in vivo studies are needed to validate these

computational results.

Chronic Sinusitis

Chronic sinusitis is characterized by persistent inflammation of the paranasal sinuses,

often accompanied by nasal obstruction and impaired mucociliary clearance with symptoms

lasting beyond 12 weeks and a prevalence of around 6% in Europe. [27] In addition to

inflammation, the majority of CRS patients experience nasal obstruction and facial pressure,

with nasal discharge and reduced sense of smell (hyposmia). Despite significant scientific

advancements in understanding CRS, its exact etiology remains unclear. It is likely that CRS

results from a combination of host-related factors and environmental influences as well as

disturbance in microbiome composition inside the nasal cavity. [28] Current treatment for

CRS typically involves managing symptoms with a combination of steroids, nasal irrigations,

and antibiotics when purulence is present, alongside mucolytics, antihistamines, and

leukotriene inhibitors to reduce inflammation, control infection, and support mucociliary

clearance. [29] [30] [30]

Clinical trials have demonstrated that oral administration of 1,8-cineole significantly

alleviates sinus symptoms and improves quality of life. In one randomized controlled trial,

cineole reduced nasal congestion and improved endoscopic scores in patients with chronic

rhinosinusitis. [29] The efficacy of 1,8-cineole in chronic sinusitis is attributed to its dual

action: reducing inflammation and facilitating mucus clearance. These effects are supported

by a systematic review highlighting its role in symptom management and quality of life

improvements in patients resistant to conventional therapies.

The development of chronic rhinosinusitis (CRS) is frequently driven by bacterial

infections, microbiome imbalances, or biofilm formation. It is well-established that

Staphylococcus aureus is highly prevalent in the nasal cavities of CRS patients. [32] What is

more, up to 80% of bacterial colonization in CRS presents as biofilms, whereas little to no

biofilm formation is observed in healthy control groups. [33] This fact significantly reduces

the effectiveness of conventional antibiotic treatments because bacteria are shielded from
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antibiotics by the biofilm matrix, which is composed of various extracellular polymeric

substances that render it impenetrable. [29] Essential oils, including 1,8-cineole, present an

intriguing alternative to traditional antibiotics, as their molecules can penetrate the cell walls

and membranes of prokaryotic cells and have been demonstrated to inhibit and eradicate S.

aureus biofilms more effectively than traditional antibiotics. [34] Their primary mechanism of

action involves disrupting layered polysaccharides and phospholipids, leading to membrane

permeabilization. This results in the leakage of essential ions, such as potassium in

Escherichia coli and S. aureus, a reduction in membrane potential, and the collapse of the

proton pump, ultimately depleting the ATP pool. [35] [36] [37] Additionally, 1,8-cineole

downregulates key biofilm-related genes, reduces inflammation by suppressing cytokine

production, and restores mucosal health by modulating immune responses, emphasizing its

potential as an effective treatment for biofilm-associated CRS. [34]

Additionally, approximately 25–30% of CRS patients develop nasal polyps, a

condition referred to as CRSwNP. Nasal polyps are recognized as inflammatory lesions

originating from the ethmoid sinus projecting into the nasal space and are more frequently

observed in men. [38] The role of 1,8-cineole in reducing eosinophilic infiltration has been

particularly emphasized in patients with chronic rhinosinusitis with nasal polyps (CRSwNP).

By targeting the IL-5-mediated inflammatory cascade, cineole not only alleviates symptoms

but also delays polyp recurrence following surgical interventions. [39]

Nitric oxide (NO), known as a biological regulator in humans, plays roles as a

vasodilator, bronchodilator, neurotransmitter, and inflammatory mediator in the lungs, with

elevated levels observed in asthma and chronic rhinosinusitis (CRS) patients. [40] CRS

patients exhibit high inducible NO synthase (iNOS) activity with increased exhaled NO but

reduced nasal NO compared to controls, while nasal polyps show elevated endothelial NO

synthase (eNOS) phosphorylation, contributing to inflammation and vascular permeability.

[41] This dysregulation leads to edema and inflammation in conditions like CRSwNP (CRS

with nasal polyps), highlighting the importance of NO in sinus inflammation. Furthermore,

patients with allergic rhinitis exhibited elevated nasal NO levels, attributed to increased iNOS

expression in nasal epithelial cells. [42] It was also demonstrated that eNOS phosphorylation

is significantly higher in nasal polyps compared to inferior turbinates. The reduction of nasal

NO through 1,8-cineole offers a promising phytotherapeutic alternative to

glucocorticosteroids for airway diseases, particularly CRSwNP. [43]
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Asthma and Chronic obstructive pulmonary disease (COPD)

Asthma, a chronic inflammatory condition of the airways, is associated with wheezing,

shortness of breath, and airflow obstruction. Studies reveal that 1,8-cineole reduces airway

inflammation and enhances pulmonary function.

Airway inflammation and mucociliary dysfunction in COPD and asthma patients have

significant clinical consequences, including reduced lung function and exacerbation of

symptoms. In COPD, smoking damages the ciliated epithelium and inflames the mucus

membrane, impairing mucociliary transport and leading to mucus accumulation, which

increases the risk of recurrent respiratory infections. Similarly, in asthma, chronic

inflammation and mucus hypersecretion contribute to airway obstruction and reduced ciliary

function. Cineole has been shown to enhance ciliary beat frequency, exert bronchodilating

effects, and reduce inflammation. These properties suggest that cineole may positively impact

exacerbations and lung function in both COPD and asthma, even when used as an adjunctive

therapy. [7][44]

The double-blind trial of patients with stable COPD demonstrates that cineole

significantly reduces the frequency, duration, and severity of exacerbations in patients

compared to a placebo. During the treatment period, only 28.2% of patients in the cineole

group experienced exacerbations, compared to 45.5% in the placebo group. Although the use

of additional corticosteroids was not significantly different between groups, the results

underscore the efficacy of cineole in managing exacerbations, suggesting its potential as an

effective therapeutic option for reducing exacerbation burden. [44] The same findings

highlight that cineole not only lowers exacerbation rates but also offers clinical advantages,

including improved airflow, reduced dyspnea severity, and enhanced health status. As an

adjunct to guideline-based treatments, cineole emerges as a valuable option for symptomatic

COPD patients. Considering the high financial and social burden of COPD, cineole is

particularly attractive due to its minimal side effects and low cost. The study provides strong

evidence supporting the use of cineole as an additional therapeutic option, aligning with the

results of efficacy studies on carbocysteine but contrasting with acetylcysteine, which failed

to significantly reduce exacerbations. [44][45].
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A comprehensive review examined the potential biological effects of 1,8-cineole on

key therapeutic targets for chronic obstructive pulmonary disease (COPD) in animal models.

[46] The study highlighted 1,8-cineole's interactions with crucial mediators in COPD's

pathophysiological pathways, including receptors and membrane channels, oxidative stress,

transcription factors, cytokine expression, cell adhesion molecules, neutrophil chemotaxis,

pro-inflammatory cells, proteases, and tissue remodeling. The authors concluded that

eucalyptol offers a significant complementary treatment option to traditional anti-

inflammatory drugs for asthma and COPD.

The study made by Worth H. and Dethlefsen U. demonstrates that 1,8-cineole

provides significant therapeutic benefits as an adjunctive treatment for asthma. Patients in the

cineole group experienced a notable reduction in prednisolone use (36% vs. 7% in the placebo

group), suggesting a prednisolone equivalent potency of 2.8 mg for 600 mg of cineole, which

was well-tolerated. Additionally, cineole improved lung function, with a greater FEV1

increase (310 ml vs. 200 ml in the placebo group), and significantly enhanced scores for

nightly asthma symptoms and the Asthma Quality of Life Questionnaire (AQLQ). [47]

However, caution is necessary for asthmatics with severe perfume sensitivity, as cineole is

exhaled and may cause irritation.

Previous randomized controlled trials evaluating exacerbation rates in COPD have

demonstrated an additive effect of 1,8-cineole when combined with LABA + ICS therapies,

showing a greater reduction in exacerbations compared to LABA + ICS alone. In the study,

COPD patients were included with 80% receiving LABA and 23% on ICS, indicating a

significant ICS-like effect of the multifunctional 1,8-cineole in real-world settings. This effect

could potentially be even more pronounced in COPD patients treated with the current

standard regimens of LAMA + LABA or LAMA + LABA + ICS. [47]

The bronchodilatory effects of 1,8-cineole have also been observed, mediated through

its interaction with β2-adrenergic receptors, which relax bronchial smooth muscles.[48] This

makes cineole particularly effective in addressing acute bronchospastic episodes and

highlights its potential to complement existing COPD and asthma treatments.

Future Directions
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While existing research underscores the therapeutic potential of 1,8-cineole, several

gaps remain. Future studies should explore its molecular mechanisms in greater detail,

particularly its role in modulating immune cell activity. Additionally, the development of

advanced delivery systems, such as inhalable formulations or sustained-release capsules,

could enhance its bioavailability and therapeutic efficacy. The integration of 1,8-cineole into

combination therapies also warrants investigation, particularly in the context of multidrug-

resistant respiratory infections.

Conclusion

1,8-Cineole is a natural therapeutic agent that is of promise against respiratory

diseases, including chronic sinusitis, asthma, and upper respiratory tract infections. Indeed,

due to its complex pathophysiology, the anti-inflammatory, mucolytic, bronchodilatory,

antiviral, and antimicrobial activities of this compound show promising clinical evidence

underlining its efficacy in symptom improvement, improvement in lung function, and

enhancement of the quality of life, especially when administered as an adjunct to conventional

treatment.

Besides, 1,8-cineole presents a very good safety profile and low side effects, making it

an attractive alternative to traditional pharmacological approaches. Its potential to modulate

key inflammatory pathways, inhibit biofilm formation, and enhance antiviral immunity

further extends its scope of application, especially in the treatment of steroid-resistant and

biofilm-associated conditions.

Although the current results are promising, further studies are still needed to confirm

the efficacy and mechanisms of 1,8-cineole in various long-term respiratory diseases. Clinical

trials should be further extended, and one of the most important strategies for enhancing its

therapeutic benefit will be its synergistic use with other therapies. Conclusion: 1,8-cineole is a

potent, multifunctional approach to respiratory health that meets the increasing demand for

efficacious and well-tolerated natural therapies.
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