
Introduction

The Global Burden of Disease has reported that 545 million 
people worldwide suffer from chronic respiratory diseases 
(CRDs), including chronic obstructive pulmonary disease 
(COPD) (50%) and asthma (50%), representing an increase 
of 39.8% since 1990. There were 3.2 million deaths from 
COPD and 495,000 from asthma (GBD Chronic Respiratory 
Disease Collaborators, 2020; Viegi et al., 2020). COPD has 
been the leading cause of death from CRDs, while asthma has 
the highest prevalence among CRDs (GBD Chronic 
Respiratory Diseases Collaborators, 2023). COPD and 
asthma are both inflammatory lung diseases (Liu et al., 2024; 
Polverino & Sin, 2024). Smoking (Gan et al., 2022), viruses 
(Globenko et al., 2023), and bacteria (Marsh et al., 2019) can 
all cause and exacerbate inflammatory responses in the respi-
ratory tract. Inflammation is an important cause of physiolog-
ical, biochemical, psychosocial, microbiological, and 
comorbidity traits that cause and exacerbate respiratory 
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diseases. Many factors induce the release of inflammatory 
factors [such as tumor necrosis factor-alpha (TNF-α), inter-
leukin (IL)-6, IL-1β, NF-κB] and mediators (such as neutro-
phils and macrophages), triggering a series of pathological 
processes. The injury to endothelial cells and myocytes 
causes the recruitment of neutrophils and macrophages, lead-
ing to the release of oxygen radicals and inflammatory 
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factors, exacerbating airway inflammation and oxidative 
stress, and worsening lung injury (Arora & Chopra, 2018; 
Brightling & Greening, 2019; Domagała-Kulawik et al., 
2006; Eapen et al., 2017; Gioia et al., 2017).

Natural compounds remain the primary sources of drugs, 
as scholars purposefully search for compounds with specific 
medicinal properties, thereby contributing to the discovery of 
drugs from natural products (Zhang et al., 2020). Based on 
previous reports, 1,8-cineole (Petry et al., 2024), Mucuna 
pruriens (Yadav et al., 2017), ursolic acid (Rai et al., 2016), 
and Withania somnifera (Prakash et al., 2014) have demon-
strated significant anti-inflammatory activity. Therefore, the 
study and development of natural compounds with potential 
anti-inflammatory effects and the exploration of the relation-
ship between natural compounds and respiratory diseases are 
also worthy of further study.

1,8-Cineole, also known as eucalyptol, is the main compo-
nent of eucalyptus oil. It is mainly extracted from Eucalyptus 
globulus of the Myrtaceae family [E. globulus (Labill.)], 
Camphor of the Lauraceae family [Cinnamomum camphora 
(L.) Presl], and other plants of the same genus (Cai et al., 
2021; Elaissi et al., 2012; Külheim et al., 2011). CAS: 470-
82-6, molecular formula is C10H18O. It is a kind of camphor-
like special fragrance, insoluble in water, and a colorless 
liquid cyclic monoterpene compound. 1,8-Cineole widely 
exists in many Chinese herbal medicines. It has been found 
that 1,8-cineole possesses anti-inflammatory and antioxidant 
properties, particularly significant anti-inflammatory effects 
for treating respiratory diseases (Juergens et al., 2020), car-
diovascular diseases (Wang et al., 2021), and Alzheimer’s 
disease (Paul et al., 2020). Some clinical randomized con-
trolled trials have reported that 1,8-cineole effectively 
improves lung function and has a significant effect on respira-
tory diseases (Juergens et al., 2003; Worth & Dethlefsen, 
2012; Worth et al., 2009).

This meta-analysis evaluates the protective effects of the 
natural compound 1,8-cineole on the respiratory system by 
probing into its inhibitory effect on inflammatory factors in 
animal models of respiratory disease.

Materials and Methods

This protocol was registered in the PROSPERO 
(CRD42022294114).

Literature Search

In this study, a comprehensive search for relevant literature 
was conducted in the PubMed, Cochrane, Medline, Embase, 
and Web of Science databases. The search terms used in this 
study were [(1,8-cineole or eucalyptol) and (respiratory dis-
eases or asthma or chronic obstructive pulmonary disease or 
pulmonary or COPD or airway or inflammation)]. There were 
no limitations set regarding race, place, sex, age, ethnicity, or 

publication dates. The search was conducted from the incep-
tion of the databases up until December 2023, and there was 
no restriction on the language of publication.

Inclusion and Exclusion Criteria

Inclusion Criteria

(a) The study included rats and mice as subjects, without 
specific requirements for their sex and age. (b) The animal 
models examined were related to respiratory diseases such as 
asthma, COPD, and lung injury, with no specific requirements 
regarding the mode of damage. (c) The intervention of interest 
involved any form (whole, powder, extract, standardized 
mixture) of 1,8-cineole (eucalyptol). The dosage, timing, and 
frequency of the intervention were not restricted. (d) The 
observed outcomes focused on inflammatory markers 
associated with respiratory diseases, including TNF-α, IL-6, 
IL-1β, NF-κB, neutrophils, and macrophages. (e) The study 
designs included controlled studies with a separate control 
group. The comparison groups consisted of a model control 
group and an experimental group (with the reference group 
being the dose group that showed the best effect, excluding 
other dose groups). (f) The publications included in the study 
were not limited by language or publication date but excluded 
comments and meeting summaries.

Exclusion Criteria

(a) 1,8-Cineole (eucalyptol) was not the main intervention 
factor. (b) No significant correlation was observed with 
respiratory diseases. (c) This study was not rats or mice. (d) 
There was no correlation between outcome indicators and 
inflammatory factors. (e) Comments and summaries of the 
Meeting. (f) The literature was of low quality.

Data Collection and Extraction

Data Collection

The screening process entailed two separate reviewers con-
ducting initial screening based on the title and abstract of the 
articles. Subsequently, the eligible articles underwent full-
text screening to determine final inclusion. At each stage, two 
independent reviewers evaluated the literature independently. 
Any discrepancies were resolved through discussion or con-
sultation with a senior investigator (Balkhi et al., 2023).

Data Extraction

Two independent reviewers conducted the completion of the 
review. In case of any discrepancies, discussions were held 
between the reviewers and senior reviewers to reach a con-
sensus. To address any missing or unclear data, we reached 
out to the corresponding author via their provided email 
address. Our process involved first extracting numerical data 
from figures, tables, and text. If the data was not explicitly 
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provided, we employed Get Data Graph Digitizer 2.26 soft-
ware to obtain the data from graphics. If the data was continu-
ous, we extracted the data with the highest efficacy.

Assessment of Risk of Bias

Independently assessed risk of bias based on the SYRCLE’s 
risk of bias tool (Hooijmans, Rovers, et al., 2014). The studies 
were examined separately by two independent reviewers, 
including (a) sequence generation; (b) baseline characteris-
tics; (c) allocation concealment; (d) random housing; (e) 
blinding of performance bias; (f) random outcome assess-
ment; (g) blinding of detection bias; (h) incomplete outcome 
data; (i) selective outcome reporting; (j) other sources of bias. 
Evaluation result: “Yes” or “no” or “unclear,” mean “low 

deviation risk,” “high deviation risk” or “unclear risk of bias,” 
respectively.

Statistical Analysis

The RevMan 5.4 software (Puvvada et al., 2022) was used for 
data analysis. The standard mean difference (SMD) was used 
for the analysis of continuous data. The data reported in a few 
pieces of literature was standard deviation (SD) rather than 
standard error of the mean (SEM), so we recorded the data 
using mean ± SEM. A conversion was performed between SD 
and SEM (SEM = SD/the square root of sample size). If 
appropriate, the random effects model was used for all analy-
ses to pool data across the studies for a meta-analysis. 
Between-study heterogeneity was assessed by using the 

Figure 1. The Flow Chart of Literature System Screening.
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I2-statistic. This statistic showed that I2 > 30% equated to 
moderate heterogeneity, I2 > 50% equated to substantial het-
erogeneity, and I2 > 75% equated to considerable heterogene-
ity (Higgins & Green, 2011). We used subgroup analysis and 
sensitivity analysis to investigate potential sources of 
heterogeneity.

Results

Literature Search Results

A systematic literature search yielded a total of 183 studies 
related to our research. After eliminating 110 duplicate and 
overlapping studies, we reviewed the titles and abstracts of 
the remaining 73 studies. Based on this screening, 33 studies 
were excluded from further consideration. The full texts of 
the remaining 40 studies were then assessed for their adher-
ence to the inclusion criteria. As a result, an additional 32 
studies were excluded, leaving us with a final selection of 8 

studies. The detailed process of literature screening is pre-
sented in Figure 1.

Literature Features

This study incorporated eight studies that met the inclusion and 
exclusion criteria. A total of 500 animals were included, with 
252 animals comprising the experimental group and 248 ani-
mals in the control group. The included literature encompassed 
publications from 2014 to 2023. The study included two rat 
models and six mouse models, including one study (Kim et al., 
2015) from Korea, one study (Caceres et al., 2017) from the 
USA, three studies (Li et al., 2016; Yu et al., 2018; Zhao et al., 
2014) from China, and three studies (Kennedy-Feitosa et al., 
2016, 2019, 2020) from Brazil. Four studies (Kennedy-Feitosa 
et al., 2016, 2019, 2020; Yu et al., 2018) of smoke-induced air-
way inflammation or lung injury. Three studies (Caceres et al., 
2017; Kim et al., 2015; Zhao et al., 2014) of lipopolysaccharide 
(LPS)-induced acute pneumonia. One study (Li et al., 2016) of 

Table 1. General Characteristics of Included Studies.

Author (Year) Species Weight Model Dose Duration Outcome

Yu et al. (2018) SD rat 100 g 12 weeks in a 
cigarette smoke 
chamber (30 min 
twice daily)

260 mg/kg 12 weeks  
(once a day)

TNF-α, IL-6,  
neutrophils,  
macrophages

Kennedy-Feitosa 
et al. (2020)

Wistar rat 200–250 g 12 cigarettes 
three times a day 
for 6 min/each  
72 min per day

1 mg/mL 30 days  
(15 min per day)

Neutrophils,  
macrophages

Kennedy-Feitosa 
et al. (2019)

C57BL/6 mice 18–25 g 60 days in a 
cigarette smoke 
chamber  
(15 min once)

1 mg/mL,  
10 mg/mL

60 days  
(15 min per day)

TNF-α, IL-6,  
IL-1β, NF-κB

Kennedy-Feitosa 
et al. (2016)

C57BL/6 mice 18–22 g 72 min in a 
cigarette smoke 
chamber (three 
times a day, 24 
min at a time)

1 mg/mL,  
10 mg/mL,  
30 mg/mL

5 days  
(15 min per day)

TNF-α, IL-6,  
IL-1β, NF-κB

Zhao et al. (2014) ICR mice 20–25 g 10 mg/kg of LPS 
into the trachea

10 mg/kg,  
30 mg/kg,  
100 mg/kg

Once TNF-α, IL- 1β, 
neutrophils, macro-
phages, NF-κB

Li et al. (2016) BALB/C mice 8 weeks Infected intrana-
sally with 50 μL 
of 15 ML D50 of 
influenza virus

30 mg/kg,  
60 mg/kg,  
120 mg/kg

7 days  
(once a day)

TNF-α, IL-6,  
IL-1β, NF-κB

Kim et al. (2015) BALB/C mice 19–21 g 30 μL of LPS  
drop into  
the throat

100 mg/kg,  
200 mg/kg, 
400 mg/kg

Once TNF-α, IL-6, neu-
trophils, macro-
phages, NF-κB

Caceres et al. 
(2017)

C57BL/6  
wild-type mice

8–12 weeks 10 μg of LPS 
intranasal drop

200 mg/kg 4 times/24 h TNF-α, IL-6,  
neutrophils,  
macrophages

Note: IL-6: interleukin-6; IL-1β: interleukin-1 beta; NF-κB: nuclear factor kappa B; TNF-α: tumor necrosis factor-alpha.



1224	 Pharmacognosy Magazine 21(4)

virus-induced lung injury. The general characteristics of these 
eight studies are shown in Table 1.

Results of Bias Risk Assessment

After reading the full text of the eight studies, we found that 
some information reports were not detailed enough, resulting 
in unclear reports of “Sequence generation,” “Baseline char-
acteristics,” “Allocation concealment,” “Blinding of perfor-
mance bias,” “Blinding of detection bias,” and “Incomplete 
outcome data” of all the studies. Only “Selective outcome 
reporting” and “Other sources of bias” were assessed as low 
risk of bias in all studies. “Random housing” was assessed as 
a low risk of bias in seven studies. There was no high risk of 
bias in eight studies. The bias risk assessment results of the 
included studies are shown in Supplementary Table S1.

Meta-Analysis Results

Primary Outcome

TNF-α was evaluated in seven studies (Caceres et al., 2017; 
Kennedy-Feitosa et al., 2016, 2019; Kim et al., 2015; Li et al., 
2016; Yu et al., 2018; Zhao et al., 2014). The results showed 
significant heterogeneity (p = 0.0005, I2 = 75%). Therefore, 
we used a random-effects model for the meta-analysis. 
1,8-Cineole significantly reduced TNF-α levels in the experi-
mental group compared with the control group (SMD: −8.19, 
95% CI: −11.30 to −5.08, p < 0.00001) (Figure 2).

Secondary Outcomes

IL-6 was evaluated in six studies (Caceres et al., 2017; 
Kennedy-Feitosa et al., 2016, 2019; Kim et al., 2015; Li et al., 
2016; Yu et al., 2018). The results showed that 1,8-cineole sig-
nificantly reduced IL-6 levels in the experimental group 
(SMD: −7.38, 95% CI: −10.61 to −4.15, p < 0.00001) 
(Supplementary Figure S1). IL-1β was evaluated in four stud-
ies (Kennedy-Feitosa et al., 2016, 2019; Yu et al., 2018; Zhao 
et al., 2014). The results showed that 1,8-cineole significantly 

reduced IL-1β levels in the experimental group (SMD: −19.18, 
95% CI: −32.57 to −5.79, p = 0.005) (Supplementary Figure 
S2). NF-κB was evaluated in five studies (Kennedy-Feitosa et 
al., 2016, 2019; Kim et al., 2015; Li et al., 2016; Zhao et al., 
2014). The results showed that 1,8-cineole significantly 
reduced NF-κB levels in the experimental group compared 
with the control group (SMD: −6.26, 95% CI: −7.88 to −4.65, 
p < 0.00001) (Supplementary Figure S3). Neutrophils were 
evaluated in five studies (Caceres et al., 2017; Kennedy-
Feitosa et al., 2020; Kim et al., 2015; Yu et al., 2018; Zhao et 
al., 2014). The results showed that 1,8-cineole significantly 
reduced the number of neutrophils in the experimental group 
(SMD: −8.16, 95% CI: −11.65 to −4.67, p < 0.00001) 
(Supplementary Figure S4). Macrophages were evaluated in 
five studies (Caceres et al., 2017; Kennedy-Feitosa et al., 2020; 
Kim et al., 2015; Yu et al., 2018; Zhao et al., 2014). The results 
showed that 1,8-cineole significantly reduced the number of 
macrophages in the experimental group (SMD: −5.06, 95% 
CI: −8.06 to −2.05, p = 0.001) (Supplementary Figure S5).

Sensitivity Analysis

The results of sensitivity analysis showed that after deleting 
one study (Li et al., 2016), meta-analysis of TNF-α and IL-6 
showed decreased heterogeneity. When one study (Zhao et 
al., 2014) was also deleted, the heterogeneity of TNF-α was 
significantly reduced (I2 = from 84% to 25%). We found that 
only one of the included studies had a different intervention 
style compared to the others. In this study (Li et al., 2016), 
1,8-cineole alone was administered for 2 days prior to virus 
challenge, followed by combined treatment with oseltamivir 
for 5 days after infection. Mice were sacrificed 6 days after 
infection and relevant samples were collected. The remaining 
studies used 1,8-cineole alone as the primary intervention 
throughout. Thus, we believed that this factor introduced het-
erogeneity in TNF-α and IL-6 results. For TNF-α, one study 
(Zhao et al., 2014) considered the vehicle group as the data 
for the model group, which may have contributed to increased 
heterogeneity in TNF-α and neutrophils. Furthermore, we 
identified that two studies (Kennedy-Feitosa et al., 2016, 
2019) shared the same first and corresponding authors, with 

Figure 2. Effect of 1,8-Cineole on Tumor Necrosis Factor-Alpha (TNF-α).

Note: CI, confidence interval; SMD, standard mean difference.
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similar subjects, experimental protocols, animal species, and 
disease models. However, significant heterogeneity remained, 
and after excluding one of the studies, heterogeneity in IL-1β 
and NF-κB decreased. Thus, we attributed this study as the 
cause for the significant increase in IL-1β and NF-κB hetero-
geneity. Our findings indicated that variations in models and 
species contributed to the heterogeneity in meta-analyses, as 
well as heterogeneity within each group. This was primarily 
due to the difficulty in finding two or more animal studies 
with identical species, models, diseases, drugs, doses, dosage 
forms, and treatment cycles. The diversity in animal studies 
offers reliable evidence and abundant resources for preclini-
cal studies but also leads to increased heterogeneity in meta-
analysis (Hooijmans, IntHout, et al., 2014).

Discussion

Inflammatory substances elicit response in tracheal endo
thelial cells and monocytes, resulting in the secretion of 
various proinflammatory factors (TNF-α, IL-6, IL-1β) 
(Mukhopadhyay et al., 2006). Moreover, these substances 
stimulate the release of arachidonic acid from lipid mem-
branes, which in turn induces the production of eicosenoic 
acid by goblet cells, resulting in mucus secretion and tissue 
inflammation (Arora & Chopra, 2018). The presence of pro-
inflammatory factors has detrimental effects on lung struc-
ture, and overexpression of TNF-α and IL-1β is linked to the 
promotion of pulmonary fibrosis (Lundblad et al., 2005). 
Additionally, proinflammatory cytokines play a crucial role 
in recruiting inflammatory cells to the site of injury (Hackel 
et al., 2021; Ishii et al., 1997). Among the first cells to be 
recruited are macrophages and neutrophils (Kariyawasam & 
Robinson, 2007), which migrate to the injured area through 
chemotactic-directed movement to perform phagocytosis 
(Murugan & Peck, 2009). The stimulated macrophages and 
neutrophils contribute to the inflammatory response by 
releasing a multitude of proinflammatory factors and lipid 
mediators, including TNF-α, IL-6, IL-1β, and arachidonic 
acid metabolites (Barnes et al., 2003; Botelho et al., 2011; 
Hilda & Das, 2016; Navrátilová et al., 2021). TNF-α and IL-6 
induce the production of endothelin, leading to the contrac-
tion of blood vessels and trachea (Endo et al., 1992), while 
also promoting the production of ICAM-1, which enhances 
the adhesion of leukocytes and eosinophils to the affected 
areas (Adler et al., 1994; Wegner et al., 1990). The secretion 
of IL-1β by macrophages, in combination with its receptor 
IL-1RI, results in the production of substantial amounts of 
GM-CSF (Lukens et al., 2012), a growth factor that promotes 
the proliferation and proper functioning of neutrophil cells 
and macrophages (Ataya et al., 2021). TNF-α, IL-1β, and toll-
like receptors (TLRs) have the ability to activate IKKs, which 
subsequently phosphorylate IκB, resulting in the release of 
NF-κB (Amaro-Leal et al., 2020; Schuliga, 2015). In chronic 
airway inflammatory diseases, NF-κB plays a pivotal role in 

regulating the release of inflammatory cytokines and related 
mediators such as TNF-α, IL-6, IL-1β, ICAM-1, and 
GM-CSF, which contribute to the recruitment of inflamma-
tory cells and the modulation of inflammation (Schuliga, 
2015; Zhang et al., 2022).

Meta-analyses examined the effects of 1,8-cineole on vari-
ous inflammatory markers, including TNF-α, IL-6, IL-1β, 
NF-κB, neutrophils, and macrophages, and consistently dem-
onstrated a significant reduction in their expression levels in 
the experimental groups. However, even after sensitive sources 
had been removed from the analysis, the observed effects 
remained significant and stable, underscoring the robustness of 
these findings. These results strongly indicate that 1,8-cineole 
effectively inhibits the expression of inflammatory factors, 
thereby exhibiting remarkable anti-inflammatory properties. It 
is worth noting that these findings are supported by other stud-
ies as well. This intervention effectively prevents antigen-pre-
senting-induced decrease in mucociliary clearance and 
alleviates airway inflammation in vivo studies (Bastos et al., 
2011). Additionally, in diabetic-atherosclerotic rats, 1,8-cine-
ole has improved the activity of glyoxalase-1, lipid profile, and 
renal function, thereby potentially averting atherosclerotic 
lesions and improving renal function, with these effects being 
attributed to the inhibition of TNF-α expression (Mahdavifard 
& Nakhjavani, 2021). 1,8-Cineole has demonstrated its ability 
to inhibit IL-1β, IL-6, NLRP3, and NF-κB levels in an animal 
model of inflammatory skin disease induced by 
Propionibacterium acnes (Lee et al., 2019). In a study involv-
ing rats, the administration of 1,8-cineole has resulted in the 
upregulation of Ho-1, NRF2, and Bcl-2 levels in brain tissue. 
Additionally, it has been found to regulate the phosphorylation 
of NF-κB and exhibit inhibitory effects on TNF-α, IL-6, and 
IL-1β (Xu et al., 2021). In poultry, the use of 1,8-cineole micro-
capsules has shown significant inhibition of TNF-α, IL-6, 
IL-1β, and NF-κB at higher temperatures, leading to a reduc-
tion in inflammatory response and improved body weight gain 
(Jiang et al., 2020). In vitro studies have revealed that 1,8-cin-
eole exerts significant inhibitory effects on TNF-α, IL-1β, leu-
kotriene B4, and thromboxane B2 in monocytes isolated from 
the blood of normal subjects (Juergens, Stöber, Vetter, 1998). 
Treatment with 1,8-cineole has also shown significant inhibi-
tion of arachidonic acid metabolism in vitro, as demonstrated 
by isolated monocytes stimulated with the calcium ionophore 
A23187 (Juergens, Stöber, Schmidt-Schilling, et al., 1998). 
Furthermore, pretreatment of Aβ(25-35)-induced inflammation in 
PC12 cells with 1,8-cineole has effectively restored cell viabil-
ity and has inhibited the production of TNF-α, IL-1β, and IL-6 
(Khan et al., 2014). In human lymphocytes, 1,8-cineole has 
demonstrated significant inhibition of inflammatory cytokines, 
particularly TNF-α (92%) and IL-1β (84%). The inhibitory 
effects of TNF-α and IL-1β have been even more pronounced 
in human monocytes (Juergens et al., 2004). Finally, in a 
murine lung alveolar macrophage model, pretreatment with 
1,8-cineole has significantly inhibited the production of TNF-
α, IL-1 (α and β) and regulated the phosphorylation of NF-κB 
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and P38 in response to LPS-induced inflammation (Yadav & 
Chandra, 2017). Additionally, 1,8-cineole has inhibited TLR4-
induced inflammation in human bronchial epithelial cells, 
leading to decreased expression of IL-8, IL-6, and GM-CSF 
through the regulation of P38 MAPK and Akt phosphorylation 
(Lee et al., 2016). Finally, the combination of 1,8-cineole and 
curcumin has effectively inhibited IL-6 and cigarette extract 
(CSE)-induced inflammation and cell death (Reis et al., 2021). 
The effect of 1,8-cineole on the inflammatory mechanisms of 
respiratory diseases is shown in Figure 3.

In related studies, the administration of 1,8-cineole has 
been investigated through oral or inhalation routes, employ-
ing different administration and dosage forms for various 
diseases. Ultrasonic atomization, nasal drops, and smears 
are employed for the management of conditions such as 
COPD, asthma, anxiety, sinusitis, and inflammatory skin 
disorders (Cai et al., 2021). In recent years, a new drug 
delivery system has been developed to enhance the oral 
availability of 1,8-cineole (Abada et al., 2019). This system 
has involved the utilization of self-microemulsion and 
cyclodextrin inclusion compounds, which have improved 
solubility, increased absorption, reduced volatility, exuda-
tion, and limited the occurrence of side effects associated 
with 1,8-cineole administration (Jiang et al., 2019). 
Moreover, the inhalation and local administration of 1,8-cin-
eole has proven effective in avoiding first-pass effects, 
reducing irritation, and providing rapid therapeutic effects 

with minimal side effects. These routes of administration 
are deemed as the most suitable for the treatment of respira-
tory diseases (Bastos et al., 2011; Lee et al., 2016). The 
absorption characteristics of 1,8-cineole after oral adminis-
tration are similar to intravenous administration (Sa et al., 
2021). Notably, the primary metabolite detected in human 
plasma and urine has been α2-hydroxy-1,8-cineole, which 
accounts for 70% of the metabolite and can also be secreted 
through breast milk (Kirsch & Buettner, 2013). Additionally, 
1,8-cineole can easily cross the blood–brain barrier 
(Dao et al., 2023; Moss & Oliver, 2012). Moreover, acute 
and long-term toxicity studies in male and female mice have 
demonstrated that 1,8-cineole exhibits low toxicity and rela-
tive safety in vivo (Caldas et al., 2016).

Therefore, based on the significant anti-inflammatory 
activity of 1,8-cineole, future studies could utilize nanotech-
nology to encapsulate it in suitable carriers, enhancing its 
targeted delivery to the lungs and improving therapeutic 
efficacy. Additionally, optimizing inhalation therapy, includ-
ing the development of improved inhalation devices and 
formulations, as well as creating regular inhalers based on 
1,8-cineole, could increase local drug concentration in the 
respiratory tract, reduce systemic adverse effects, and 
achieve synergistic benefits. This approach would facilitate 
daily medication management for patients, enabling easier 
home-based disease management and significantly improv-
ing their quality of life.

Figure 3. The Effect of 1,8-Cineole on the Inflammatory Mechanisms of Respiratory Diseases.

Source: Created in BioRender (https://BioRender.com/n04y166)

Note: “+,” up; P, phosphorylation.
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Limitations

(a) This meta-analysis only searches English databases, 
which may ignore studies published in other languages. (b) 
The small sample size of included studies may cause potential 
bias. (c) The data in this study are from animal studies rather 
than clinical studies, and there are genetic differences between 
the two, but the outcomes are closely related to clinical 
medicine.

Conclusion

This meta-analysis examines the anti-inflammatory and 
respiratory protective effects of 1,8-cineole in animal studies 
for the first time. We find that 1,8-cineole significantly inhib-
ited inflammatory factors (TNF-α, IL-6, IL-1β, NF-κB) and 
inflammatory cells (neutrophils and macrophages), demon-
strating a beneficial effect on the respiratory system.

Abbreviations

Bcl-2: B-cell lymphoma 2; COPD: Chronic obstructive pulmonary 
disease; CRDs: Chronic respiratory diseases; CSE: Cigarette extract; 
GM-CSF: Granulocyte-macrophage colony-stimulating factor; Ho-1: 
Heme oxygenase-1; ICAM-1: Intercellular adhesion molecule-1; IκB: 
Inhibitor of kappa B; IKKs: IκB kinases; IL-1β: Interleukin-1 beta; 
IL-6: Interleukin-6; IL-1RI: Interleukin-1 receptor type I; LPS: 
Lipopolysaccharide; NF-κB: Nuclear factor kappa B; NLRP3: NOD-
like receptor family, pyrin domain containing 3; NRF2: Nuclear factor 
erythroid 2-related factor 2; SD: Standard deviation; SEM: Standard 
error of mean; SMD: Standard mean difference; TLRs: Toll-like 
receptors; TNF-α: Tumor necrosis factor-alpha.

Acknowledgments

The authors extend their gratitude to the developers of the software 
(Get Data Graph Digitizer, EndNote, RevMan, and BioRender) used 
in this study, as well as to the contributors of past research.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to 
the research, authorship, and/or publication of this article.

Ethical Approval and Informed Consent

Not applicable.

Funding

The authors disclosed receipt of the following financial support for 
the research, authorship, and/or publication of this article: This work 
was supported by the Science and Technology Fund of Guizhou 
Provincial Department of Education [2022XMSB00035072].

Supplementary Material

Supplementary material for this article is available online.

ORCID iD 

Jie Liu  https://orcid.org/0009-0005-9084-5625

References

Abada, M. B., Hamdi, S. H., Gharib, R., Messaoud, C., Fourmentin, 
S., Greige-Gerges, H., & Jemâa, J. M. B. (2019). Post-harvest 
management control of Ectomyelois ceratoniae (Zeller) 
(Lepidoptera: Pyralidae): New insights through essential oil 
encapsulation in cyclodextrin. Pest Management Science, 75(7), 
2000–2008. https://doi.org/10.1002/ps.5315

Adler, K. B., Fischer, B. M., Wright, D. T., Cohn, L. A., & Becker, 
S. (1994). Interactions between respiratory epithelial cells and 
cytokines: Relationships to lung inflammation. Annals of the 
New York Academy of Sciences, 725(28), 128–145. https://doi.
org/10.1111/j.1749-6632.1994.tb00275.x

Amaro-Leal, Â., Shvachiy, L., Pinto, R., Geraldes, V., Rocha, I., & 
Mota-Filipe, H. (2020). Therapeutic effects of IkB kinase inhibitor 
during systemic inflammation. International Immunopharmacology, 
84, 106509. https://doi.org/10.1016/j.intimp.2020.106509

Arora, V. K., & Chopra, K. K. (2018). Inflammation plays a central 
role in respiratory diseases, including tuberculosis. The Indian 
Journal of Tuberculosis, 65(2), 103–105. https://doi.
org/10.1016/j.ijtb.2018.03.001

Ataya, A., Knight, V., Carey, B. C., Lee, E., Tarling, E. J., & Wang, 
T. (2021). The role of GM-CSF autoantibodies in infection and 
autoimmune pulmonary alveolar proteinosis: A concise review. 
Frontiers in Immunology, 12, 752856. https://doi.org/10.3389/
fimmu.2021.752856

Balkhi, B., Alotaibi, A., & Alotaibi, F. (2023). Cost-effectiveness 
analysis of atezolizumab and bevacizumab versus sorafenib in 
the treatment of hepatocellular carcinoma: A systematic review. 
Journal of Young Pharmacists, 15(1), 55–63. https://doi.
org/10.5530/097515050547

Barnes, P. J., Shapiro, S. D., & Pauwels, R. A. (2003). Chronic 
obstructive pulmonary disease: Molecular and cellular mecha-
nisms. The European Respiratory Journal, 22(4), 672–688. 
https://doi.org/10.1183/09031936.03.00040703

Bastos, V. P. D., Gomes, A. S., Lima, F. J. B., Brito, T. S., Soares, P. M. 
G., Pinho, J. P. M., Silva, C. S., Santos, A. A., Souza, M. H. L. P., 
& Magalhães, P. J. C. (2011). Inhaled 1,8-cineole reduces inflam-
matory parameters in airways of ovalbumin-challenged guinea 
pigs. Basic and Clinical Pharmacology and Toxicology, 108(1), 
34–39. https://doi.org/10.1111/j.1742-7843.2010.00622.x

Botelho, F. M., Bauer, C. M. T., Finch, D., Nikota, J. K., Zavitz, C. 
C. J., Kelly, A., Lambert, K. N., Piper, S., Foster, M. L., 
Goldring, J. J. P., Wedzicha, J. A., Bassett, J., Bramson, J., 
Iwakura, Y., Sleeman, M., Kolbeck, R., Coyle, A. J., Humbles, 
A. A., & Stämpfli, M. R. (2011). IL-1α/IL-1R1 expression in 
chronic obstructive pulmonary disease and mechanistic rele-
vance to smoke-induced neutrophilia in mice. PLoS One, 6(12), 
e28457. https://doi.org/10.1371/journal.pone.0028457

Brightling, C., & Greening, N. (2019). Airway inflammation in COPD: 
Progress to precision medicine. The European Respiratory 
Journal, 54(2), 1900651. https://doi.org/10.1183/13993003. 
00651-2019

Caceres, A. I., Liu, B., Jabba, S. V., Achanta, S., Morris, J. B., & 
Jordt, S. E. (2017). Transient receptor potential cation channel 
subfamily M Member 8 channels mediate the anti-inflammatory 



1228	 Pharmacognosy Magazine 21(4)

effects of eucalyptol. British Journal of Pharmacology, 174(9), 
867–879. https://doi.org/10.1111/bph.13760

Cai, Z. M., Peng, J. Q., Chen, Y., Tao, L., Zhang, Y. Y., Fu, L. Y., 
Long, Q. D., & Shen, X. C. (2021). 1,8-Cineole: A review of 
source, biological activities, and application. Journal of Asian 
Natural Products Research, 23(10), 938–954. https://doi.org/10
.1080/10286020.2020.1839432

Caldas, G. F. R., Limeira, M. M. F., Araújo, A. V., Albuquerque, G. 
S., Silva-Neto, J. D., Silva, T. G., Costa-Silva, J. H., Menezes, I. 
R. A., Costa, J. G., & Wanderley, A. G. (2016). Repeated-doses 
and reproductive toxicity studies of the monoterpene 1,8-cine-
ole (eucalyptol) in Wistar rats. Food and Chemical Toxicology, 
97, 297–306. https://doi.org/10.1016/j.fct.2016.09.020

Dao, L., Jiang, L., Chen, Y., & Ayisa Sa, C. (2023). Study on the 
opening effect of eucalyptol on the blood–brain barrier and its 
brain pharmacokinetics. Biomedical Chromatography, 37(6), 
e5631. https://doi.org/10.1002/bmc.5631

Domagała-Kulawik, J., Maskey-Warzechowska, M., Hermanowicz-
Salamon, J., & Chazan, R. (2006). Expression of macrophage 
surface markers in induced sputum of patients with chronic 
obstructive pulmonary disease. Journal of Physiology and 
Pharmacology, 57(Suppl. 4), 75–84.

Eapen, M. S., Myers, S., Walters, E. H., & Sohal, S. S. (2017). Airway 
inflammation in chronic obstructive pulmonary disease (COPD): 
A true paradox. Expert Review of Respiratory Medicine, 11(10), 
827–839. https://doi.org/10.1080/17476348.2017.1360769

Elaissi, A., Rouis, Z., Mabrouk, S., Salah, K. B. H., Aouni, M., 
Khouja, M. L., Farhat, F., Chemli, R., & Harzallah-Skhiri, F. 
(2012). Correlation between chemical composition and antibac-
terial activity of essential oils from fifteen Eucalyptus species 
growing in the Korbous and Jbel Abderrahman arboreta (North 
East Tunisia). Molecules, 17(3), 3044–3057. https://doi.
org/10.3390/molecules17033044

Endo, T., Uchida, Y., Matsumoto, H., Suzuki, N., Nomura, A., 
Hirata, F., & Hasegawa, S. (1992). Regulation of endothelin-1 
synthesis in cultured guinea pig airway epithelial cells by vari-
ous cytokines. Biochemical and Biophysical Research 
Communications, 186(3), 1594–1599. https://doi.org/10.1016/
s0006-291x(05)81590-6

Gan, H., Hou, X., Zhu, Z., Xue, M., Zhang, T., Huang, Z., Cheng, Z. 
J., & Sun, B. (2022). Smoking: A leading factor for the death of 
chronic respiratory diseases derived from Global Burden of 
Disease Study 2019. BMC Pulmonary Medicine, 22(1), 149. 
https://doi.org/10.1186/s12890-022-01944-w

GBD. (2023). Global burden of chronic respiratory diseases and risk 
factors, 1990–2019: An update from the Global Burden of 
Disease Study 2019. EClinicalmedicine, 59, 101936. https://
doi.org/10.1016/j.eclinm.2023.101936

GBD Chronic Respiratory Disease Collaborators. (2020). Prevalence 
and attributable health burden of chronic respiratory diseases, 
1990–2017: A systematic analysis for the Global Burden of 
Disease Study 2017. The Lancet. Respiratory Medicine, 8(6), 
585–596. https://doi.org/10.1016/S2213-2600(20)30105-3

Gioia, S. D., Sardo, C., Castellani, S., Porsio, B., Belgiovine, G., 
Carbone, A., Giammona, G., Cavallaro, G., & Conese, M. 
(2017). From genesis to revelation: The role of inflammatory 
mediators in chronic respiratory diseases and their control by 
nucleic acid-based drugs. Current Drug Delivery, 14(2), 
253–271. https://doi.org/10.2174/156720181366616082414
2843

Globenko, A. A., Kuzin, G. V., Rydlovskaya, A. V., Isaeva, E. I., 
Vetrova, E. N., Pritchina, T. N., Baranova, A., & Nebolsin, V. E. 
(2023). Curtailing virus-induced inflammation in respiratory 
infections: Emerging strategies for therapeutic interventions. 
Frontiers in Pharmacology, 14, 1087850. https://doi.org/10.3389/
fphar.2023.1087850

Hackel, A., Aksamit, A., Bruderek, K., Lang, S., & Brandau, S. (2021). 
TNF-α and IL-1β sensitize human MSC for IFN-γ signaling and 
enhance neutrophil recruitment. European Journal of Immunology, 
51(2), 319–330. https://doi.org/10.1002/eji.201948336

Higgins, J., & Green, S. (2011). Cochrane handbook for systematic 
reviews of interventions version 5.1.0 [updated March 2011]. 
The Cochrane Collaboration.

Hilda, J. N., & Das, S. D. (2016). TLR stimulation of human neutro-
phils lead to increased release of MCP-1, MIP-1α, IL-1β, IL-8 
and TNF during tuberculosis. Human Immunology, 77(1), 63–
67. https://doi.org/10.1016/j.humimm.2015.10.005

Hooijmans, C. R., IntHout, J., Ritskes-Hoitinga, M., & Rovers, M. 
M. (2014). Meta-analyses of animal studies: An introduction of 
a valuable instrument to further improve healthcare. ILAR 
Journal, 55(3), 418–426. https://doi.org/10.1093/ilar/ilu042

Hooijmans, C. R., Rovers, M. M., de Vries, R. B. M., Leenaars, M., 
Ritskes-Hoitinga, M., & Langendam, M. W. (2014). SYRCLE’s 
risk of bias tool for animal studies. BMC Medical Research 
Methodology, 14, 43. https://doi.org/10.1186/1471-2288-14-43

Ishii, Y., Yang, H., Sakamoto, T., Nomura, A., Hasegawa, S., Hirata, 
F., & Bassett, D. J. (1997). Rat alveolar macrophage cytokine 
production and regulation of neutrophil recruitment following 
acute ozone exposure. Toxicology and Applied Pharmacology, 
147(2), 214–223. https://doi.org/10.1006/taap.1997.8275

Jiang, F., Wu, G., Li, W., Yang, J., Yan, J., Wang, Y., Yao, W., Zhou, 
X., He, Z., Wu, L., Xiao, C., Xiao, T., Zhang, M., Shen, X., & 
Tao, L. (2019). Preparation and protective effects of 1,8-cine-
ole-loaded self-microemulsifying drug delivery system on lipo-
polysaccharide-induced endothelial injury in mice. European 
Journal of Pharmaceutical Sciences, 127, 14–23. https://doi.
org/10.1016/j.ejps.2018.10.012

Jiang, Z., Luo, M., Ma, W., Ma, S., Wang, Y., & Zhang, K. (2020). 
Protective effects of 1,8-cineole microcapsules against inflamma-
tion and gut microbiota imbalance associated weight loss induced 
by heat stress in broiler chicken. Frontiers in Pharmacology, 11, 
585945. https://doi.org/10.3389/fphar.2020.585945

Juergens, L. J., Worth, H., & Juergens, U. R. (2020). New perspec-
tives for mucolytic, anti-inflammatory and adjunctive therapy 
with 1,8-cineole in COPD and asthma: Review on the new ther-
apeutic approach. Advances in Therapy, 37(5), 1737–1753. 
https://doi.org/10.1007/s12325-020-01279-0

Juergens, U. R., Dethlefsen, U., Steinkamp, G., Gillissen, A., 
Repges, R., & Vetter, H. (2003). Anti-inflammatory activity of 
1.8-cineol (eucalyptol) in bronchial asthma: A double-blind 
placebo-controlled trial. Respiratory Medicine, 97(3), 250–256. 
https://doi.org/10.1053/rmed.2003.1432

Juergens, U. R., Engelen, T., Racké, K., Stöber, M., Gillissen, A., & 
Vetter, H. (2004). Inhibitory activity of 1,8-cineol (eucalyptol) 
on cytokine production in cultured human lymphocytes and 
monocytes. Pulmonary Pharmacology and Therapeutics, 17(5), 
281–287. https://doi.org/10.1016/j.pupt.2004.06.002

Juergens, U. R., Stöber, M., Schmidt-Schilling, L., Kleuver, T., & 
Vetter, H. (1998). Antiinflammatory effects of euclyptol 
(1.8-cineole) in bronchial asthma: Inhibition of arachidonic acid 



Liu et al.	 1229

metabolism in human blood monocytes ex vivo. European 
Journal of Medical Research, 3(9), 407–412.

Juergens, U. R., Stöber, M., & Vetter, H. (1998). Inhibition of cyto-
kine production and arachidonic acid metabolism by eucalyptol 
(1,8-cineole) in human blood monocytes in vitro. European 
Journal of Medical Research, 3(11), 508–510.

Kariyawasam, H. H., & Robinson, D. S. (2007). The role of eosino-
phils in airway tissue remodelling in asthma. Current Opinion 
in Immunology, 19(6), 681–686. https://doi.org/10.1016/j.
coi.2007.07.021

Kennedy-Feitosa, E., Cattani-Cavalieri, I., Barroso, M. V., Romana-
Souza, B., Brito-Gitirana, L., & Valenca, S. S. (2019). Eucalyptol 
promotes lung repair in mice following cigarette smoke-induced 
emphysema. Phytomedicine, 55, 70–79. https://doi.
org/10.1016/j.phymed.2018.08.012

Kennedy-Feitosa, E., Okuro, R. T., Pinho Ribeiro, V., Lanzetti, M., 
Barroso, M. V., Zin, W. A., Porto, L. C., Brito-Gitirana, L., & 
Valenca, S. S. (2016). Eucalyptol attenuates cigarette smoke-
induced acute lung inflammation and oxidative stress in the 
mouse. Pulmonary Pharmacology and Therapeutics, 41, 11–18. 
https://doi.org/10.1016/j.pupt.2016.09.004

Kennedy-Feitosa, E., Oliveira-Melo, P., Evangelista-Costa, E., 
Serra, D. S., Cavalcante, F. S. Á., da Ponte, E. L., Barbosa, R., 
da Silva, R. E. R., Assreuy, A. M. S., Leal-Cardoso, J. H., & 
Lima, C. C. (2020). Eucalyptol reduces airway hyperrespon-
siveness in rats following cigarette smoke-exposed. Pulmonary 
Pharmacology and Therapeutics, 61, 101887. https://doi.
org/10.1016/j.pupt.2020.101887

Khan, A., Vaibhav, K., Javed, H., Tabassum, R., Ahmed, M. E., Khan, M. 
M., Khan, M. B., Shrivastava, P., Islam, F., Siddiqui, M. S., Safhi, 
M. M., & Islam, F. (2014). 1,8-Cineole (eucalyptol) mitigates 
inflammation in amyloid beta toxicated PC12 cells: Relevance to 
Alzheimer’s disease. Neurochemical Research, 39(2), 344–352. 
https://doi.org/10.1007/s11064-013-1231-9

Kim, K. Y., Lee, H. S., & Seol, G. H. (2015). Eucalyptol suppresses 
matrix metalloproteinase-9 expression through an extracellular 
signal-regulated kinase-dependent nuclear factor-kappa B path-
way to exert anti-inflammatory effects in an acute lung inflam-
mation model. The Journal of Pharmacy and Pharmacology, 
67(8), 1066–1074. https://doi.org/10.1111/jphp.12407

Kirsch, F., & Buettner, A. (2013). Characterisation of the metabo-
lites of 1,8-cineole transferred into human milk: Concentrations 
and ratio of enantiomers. Metabolites, 3(1), 47–71. https://doi.
org/10.3390/metabo3010047

Külheim, C., Yeoh, S. H., Wallis, I. R., Laffan, S., Moran, G. F., & 
Foley, W. J. (2011). The molecular basis of quantitative varia-
tion in foliar secondary metabolites in Eucalyptus globulus. The 
New Phytologist, 191(4), 1041–1053. https://doi.
org/10.1111/j.1469-8137.2011.03769.x

Lee, E. H., Shin, J. H., Kim, S. S., Joo, J. H., Choi, E., & Seo, S. R. 
(2019). Suppression of Propionibacterium acnes-induced skin 
inflammation by Laurus nobilis extract and its major constituent 
eucalyptol. International Journal of Molecular Sciences, 
20(14), 3510. https://doi.org/10.3390/ijms20143510

Lee, H. S., Park, D. E., Song, W. J., Park, H. W., Kang, H. R., Cho, 
S. H., & Sohn, S. W. (2016). Effect of 1.8-cineole in 
Dermatophagoides pteronyssinus-stimulated bronchial epithelial 
cells and mouse model of asthma. Biological and Pharmaceutical 
Bulletin, 39(6), 946–952. https://doi.org/10.1248/bpb.b15-00876

Li, Y., Lai, Y., Wang, Y., Liu, N., Zhang, F., & Xu, P. (2016). 
1,8-Cineol protect against influenza-virus-induced pneumonia 
in mice. Inflammation, 39(4), 1582–1593. https://doi.
org/10.1007/s10753-016-0394-3

Liu, T., Liu, S., Rui, X., Cao, Y., Hecker, J., Guo, F., Zhang, Y., 
Gong, L., Zhou, Y., Yu, Y., Krishnamoorthyni, N., Bates, S., 
Chun, S., Boyer, N., Xu, S., Park, J. A., Perrella, M. A., Levy, 
B. D., Weiss, S. T., ... Zhou, X. (2024). Gasdermin B, an 
asthma-susceptibility gene, promotes MAVS-TBK1 signalling 
and airway inflammation. The European Respiratory Journal, 
63(5), 2301232. https://doi.org/10.1183/13993003.01232-2023

Lukens, J. R., Barr, M. J., Chaplin, D. D., Chi, H., & Kanneganti, T. D. 
(2012). Inflammasome-derived IL-1β regulates the production of 
GM-CSF by CD4(+) T cells and γδ T cells. Journal of Immunology, 
188(7), 3107–3115. https://doi.org/10.4049/jimmunol.1103308

Lundblad, L. K. A., Thompson-Figueroa, J., Leclair, T., Sullivan, 
M. J., Poynter, M. E., Irvin, C. G., & Bates, J. H. T. (2005). 
Tumor necrosis factor-alpha overexpression in lung disease: A 
single cause behind a complex phenotype. American Journal of 
Respiratory and Critical Care Medicine, 171(12), 1363–1370. 
https://doi.org/10.1164/rccm.200410-1349OC

Mahdavifard, S., & Nakhjavani, M. (2021). Preventive effect of 
eucalyptol on the formation of aorta lesions in the diabetic-ath-
erosclerotic rat. International Journal of Preventive Medicine, 
12, 45. https://doi.org/10.4103/ijpvm.IJPVM_319_19

Marsh, R. L., Smith-Vaughan, H. C., Chen, A. C. H., Marchant, 
J. M., Yerkovich, S. T., Gibson, P. G., Pizzutto, S. J., Hodge, S., 
Upham, J. W., & Chang, A. B. (2019). Multiple respiratory 
microbiota profiles are associated with lower airway inflamma-
tion in children with protracted bacterial bronchitis. Chest, 
155(4), 778–786. https://doi.org/10.1016/j.chest.2019.01.002

Moss, M., & Oliver, L. (2012). Plasma 1,8-cineole correlates with 
cognitive performance following exposure to rosemary essen-
tial oil aroma. Therapeutic Advances in Psychopharmacology, 
2(3), 103–113. https://doi.org/10.1177/2045125312436573

Mukhopadhyay, S., Hoidal, J. R., & Mukherjee, T. K. (2006). Role 
of TNFalpha in pulmonary pathophysiology. Respiratory 
Research, 7(1), 125. https://doi.org/10.1186/1465-9921-7-125

Murugan, V., & Peck, M. J. (2009). Signal transduction pathways 
linking the activation of alveolar macrophages with the recruit-
ment of neutrophils to lungs in chronic obstructive pulmonary 
disease. Experimental Lung Research, 35(6), 439–485. https://
doi.org/10.1080/01902140902759290

Navrátilová, A., Bečvář, V., Baloun, J., Damgaard, D., Nielsen, 
C. H., Veigl, D., Pavelka, K., Vencovský, J., Šenolt, L., & 
Andrés Cerezo, L. (2021). S100A11 (calgizzarin) is released via 
NETosis in rheumatoid arthritis (RA) and stimulates IL-6 and 
TNF secretion by neutrophils. Scientific Reports, 11(1), 6063. 
https://doi.org/10.1038/s41598-021-85561-3

Paul, K., Ganguly, U., Chakrabarti, S., & Bhattacharjee, P. (2020). 
Is 1,8-cineole-rich extract of small cardamom seeds more effec-
tive in preventing Alzheimer’s disease than 1,8-cineole alone? 
NeuroMolecular Medicine, 22(1), 150–158. https://doi.
org/10.1007/s12017-019-08574-2

Petry, J., Weiser, T., Griesbaum, L., Schröder, K., Hoch, C. C., Bashiri 
Dezfouli, A., Shoykhet, M., & Wollenberg, B. (2024). 1.8-Cineole 
prevents platelet activation and aggregation by activating the cAMP 
pathway via the adenosine A(2A) receptor. Life Sciences, 350, 
122746. https://doi.org/10.1016/j.lfs.2024.122746



1230	 Pharmacognosy Magazine 21(4)

Polverino, F., & Sin, D. D. (2024). Type 2 airway inflammation in 
COPD. The European Respiratory Journal, 63(5), 2400150. 
https://doi.org/10.1183/13993003.00150-2024

Prakash, J., Chouhan, S., Yadav, S. K., Westfall, S., Rai, S. N., & 
Singh, S. P. (2014). Withania somnifera alleviates parkinsonian 
phenotypes by inhibiting apoptotic pathways in dopaminergic 
neurons. Neurochemical Research, 39(12), 2527–2536. https://
doi.org/10.1007/s11064-014-1443-7

Puvvada, R. K., Adusumilli, P., Maddukuri, R. K., Samaksha, P. B., 
Annam, M. G., & Undela, K. (2022). Efficacy and safety of 
hydroxychloroquine in the treatment of type-2 diabetes: A sys-
tematic review and meta-analysis of randomized controlled tri-
als. Journal of Young Pharmacists, 14(4), 402–407. https://doi.
org/10.5530/jyp.2022.14.81

Rai, S. N., Yadav, S. K., Singh, D., & Singh, S. P. (2016). Ursolic 
acid attenuates oxidative stress in nigrostriatal tissue and 
improves neurobehavioral activity in MPTP-induced 
Parkinsonian mouse model. Journal of Chemical Neuroanatomy, 
71, 41–49. https://doi.org/10.1016/j.jchemneu.2015.12.002

Reis, R., Orak, D., Yilmaz, D., Cimen, H., & Sipahi, H. (2021). 
Modulation of cigarette smoke extract-induced human bron-
chial epithelial damage by eucalyptol and curcumin. Human 
and Experimental Toxicology, 40(9), 1445–1462. https://doi.
org/10.1177/0960327121997986

Sa, C., Liu, J., Dong, Y., Jiang, L., Gentana, G., & Wurita, A. (2021). 
Quantification of eucalyptol (1,8-cineole) in rat serum by gas 
chromatography–mass/mass spectrometry and its application to 
a rat pharmacokinetic study. Biomedical Chromatography, 
35(6), e5080. https://doi.org/10.1002/bmc.5080

Schuliga, M. (2015). NF-kappaB signaling in chronic inflammatory 
airway disease. Biomolecules, 5(3), 1266–1283. https://doi.
org/10.3390/biom5031266

Viegi, G., Maio, S., Fasola, S., & Baldacci, S. (2020). Global burden 
of chronic respiratory diseases. Journal of Aerosol Medicine 
and Pulmonary Drug Delivery, 33(4), 171–177. https://doi.
org/10.1089/jamp.2019.1576

Wang, Y., Zhen, D., Fu, D., Fu, Y., Zhang, X., Gong, G., & Wei, C. 
(2021). 1,8-Cineole attenuates cardiac hypertrophy in heart fail-
ure by inhibiting the miR-206-3p/SERP1 pathway. Phytomedicine, 
91, 153672. https://doi.org/10.1016/j.phymed.2021.153672

Wegner, C. D., Gundel, R. H., Reilly, P., Haynes, N., Letts, L. G., & 
Rothlein, R. (1990). Intercellular adhesion molecule-1 

(ICAM-1) in the pathogenesis of asthma. Science, 247(4941), 
456–459. https://doi.org/10.1126/science.1967851

Worth, H., & Dethlefsen, U. (2012). Patients with asthma benefit 
from concomitant therapy with cineole: A placebo-controlled, 
double-blind trial. The Journal of Asthma, 49(8), 849–853. 
https://doi.org/10.3109/02770903.2012.717657

Worth, H., Schacher, C., & Dethlefsen, U. (2009). Concomitant 
therapy with cineole (eucalyptole) reduces exacerbations in 
COPD: A placebo-controlled double-blind trial. Respiratory 
Research, 10(1), 69. https://doi.org/10.1186/1465-9921-10-69

Xu, G., Guo, J., & Sun, C. (2021). Eucalyptol ameliorates early 
brain injury after subarachnoid haemorrhage via antioxidant 
and anti-inflammatory effects in a rat model. Pharmaceutical 
Biology, 59(1), 114–120. https://doi.org/10.1080/13880209.202
1.1876101

Yadav, N., & Chandra, H. (2017). Suppression of inflammatory and 
infection responses in lung macrophages by eucalyptus oil and 
its constituent 1,8-cineole: Role of pattern recognition receptors 
TREM-1 and NLRP3, the MAP kinase regulator MKP-1, and 
NFκB. PLoS One, 12(11), e0188232. https://doi.org/10.1371/
journal.pone.0188232

Yadav, S. K., Rai, S. N., & Singh, S. P. (2017). Mucuna pruriens 
reduces inducible nitric oxide synthase expression in 
Parkinsonian mice model. Journal of Chemical Neuroanatomy, 
80, 1–10. https://doi.org/10.1016/j.jchemneu.2016.11.009

Yu, N., Sun, Y. T., Su, X. M., He, M., Dai, B., & Kang, J. (2018). 
Treatment with eucalyptol mitigates cigarette smoke-induced 
lung injury through suppressing ICAM-1 gene expression. 
Bioscience Reports, 38(4), BSR20171636. https://doi.
org/10.1042/BSR20171636

Zhang, J., Yang, X., Yang, Y., Xiong, M., Li, N., Ma, L., Tian, J., 
Yin, H., Zhang, L., & Jin, Y. (2022). NF-κB mediates silica-
induced pulmonary inflammation by promoting the release of 
IL-1β in macrophages. Environmental Toxicology, 30(5), 1–9. 
https://doi.org/10.1002/tox.23590

Zhang, L., Song, J., Kong, L., Yuan, T., Li, W., Zhang, W., Hou, B., Lu, 
Y., & Du, G. (2020). The strategies and techniques of drug discov-
ery from natural products. Pharmacology and Therapeutics, 216, 
107686. https://doi.org/10.1016/j.pharmthera.2020.107686

Zhao, C., Sun, J., Fang, C., & Tang, F. (2014). 1,8-Cineol attenuates 
LPS-induced acute pulmonary inflammation in mice. Inflammation, 
37(2), 566–572. https://doi.org/10.1007/s10753-013-9770-4


