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Introduction
Despite treatment with high dose of inhaled corticosteroids (ICS), 
inhaled long acting bronchodilators (LABA), and, even in some cases, 
systemic corticosteroids, a significant proportion of asthma patients 
remain symptomatic.1 In a study performed in 2 European countries, 
asthma control was suboptimal in 56.5% of patients and associated 
with poorer asthma-related quality of life, higher risk of exacerbations 
and greater consumption of healthcare resources.2 In Canada only 
28.1% of patients showed well controlled asthma, while the majority 
of patients had partially controlled or even uncontrolled disease.3 
Asthma severity has often been based on prescribed treatment step. 
Patients prescribed Step 3-4 treatments are often described as having 
moderate asthma and those prescribed Step 4–5 as having moderate 
to severe asthma. However, this is only a surrogate measure, and it 

causes confusion. From this reason, for epidemiological studies or 
clinical trials, it is preferable to categorize patients by the treatment 
step that they are prescribed, without inferring severity.4 WHO has 
recognized herbal medicines as an essential building block for primary 
health care particularly in developing countries. In the past it has 
been reported that up to 40% asthma patients use herbal medicines.5 
It has been shown that curcumin exhibited anti-inflammatory 
activities6 by down-regulating intercellular signalling proteins, 
such as protein kinase C,7 modulating the activity of transcription 
factors like activating protein-1 (AP-1), supressing NF-KB pathway, 
cyclooxygenases, lipoxygenase pathways and iNOS expression. It 
also inhibits transcription factor products such as signal transducer 
and activator of transcription (STAT), PPAR-g and down-regulates 
Janus kinases.8 These pathways have been recognized to be involved 
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Background: Despite multistep efforts, many asthma patients remain symptomatic. Anti-inflammatory activities of curcumin are shown. Aim of the study was to 
analyse the impact of curcumin add-on therapy on inflammatory parameters, lung function, disease control and quality of life in asthma patients.

Subjects and methods: Three-months lasting study was done on 150 non-smokers with asthma, that were treated with stable, moderate dose of inhaled 
glucocorticoids (IGK) and divided into three groups (n=50 each): curcumin group (receiving curcumin 500 mg per os twice daily), placebo group (receiving 
placebo tablets) and control (non-intervention) group. Sputum eosinophils (sEo), blood eosinophils (bEo), high sensitive C-reactive protein (hsCRP), predicted 
forced expiratory volume in first second (FEV1%), Asthma Control Test (ACT) and mini Asthma Quality of Life Questionnaire (mAQLQ) were compared before 
and after study, as well as between groups.

Results: Before study, all followed parameters were similar between groups. After study, FEV1%, ACT and AQLQ were improved in all groups, but these 
improvements were more prominent in curcumin group than in placebo and control. Additionally curcumin group only showed improvement in sEo, bEo and 
hsCRP. Furthermore, curcumin group showed more frequent clinically significant improvement in ACT score (change>3) and in mAQLQ score (change≥0.5) 
when compared to placebo and control. On the other side, after study FEV1%, ACT, mAQLQ, hsCRP, sEo and bEo were similarly distributed among placebo 
and control group.

Conclusion: This is the first placebo controlled and single-blind study to suggest that add-on therapy with curcumin could improve lung function, disease control 
and quality of life in moderate partially controlled asthma. Future studies may benefit from a larger sample size, longer study duration, double blind design, 
different dose of curcumin and/or improvements in oral bioavailability.
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in the complex inflammatory asthma response.9 Curcumin inhibits the 
acitivity of inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-a), interleukins (IL-1, 2  6, 8, 12), migration inhibitory 
protein,10 eotaxin, monocyte chemotactic protein (MCP)11 and 
monocyte chemotactic protein 3 from IL-1 stimulated human airway 
smooth muscle cells.12 Curcumin is able to induce the expression and 
production of IL-10 and through this effect modulates the disease 
pathophysiology of conditions such as pain and neurodegenerative 
diseases, bowel inflammation, allergy, infections and cancer.13 When 
added to Dermatophagoides farinae (Der f) stimulated lymphocyte 
cell cultures from allergic asthmatic patients, curcumin inhibits Der 
f-induced lymphocyte proliferation and production of IL-2, IL-4, IL-
5, and granulocyte macrophage colony stimulating factor.14 In a mouse 
model of chronic asthma and oropharyngeal candidiasis curcumin 
was as effective as the prescription steroid dexamethasone and had 
equal ability to reverse ovalbumin induced histopathological airway 
changes due to inflammation.15 Curcumin also decreased airway 
constriction and hyperreactivity in guinea pigs (20 mg/kg) when 
coadministered with ovalbumin.16 It was confirmed that curcumin is 
a dual inhibitor of arachidonic acid metabolism, inhibiting both the 
enzymes 5-lipoxygenase and cyclooxygenase,17 as well as inhibiting 
prostaglandin E2, leukotriene B4 and leukotriene C4.18 This makes 
curcumin acting in asthma similar to those in montelukast.19 Some 
studies showed the clinical efficacy and safety of curcumin as an add 
on therapy in patients of mild to moderate asthma improving FEV1 
values and blood eosinophils,10 but not ACT scores, use of rescue 
bronchodilator, dose of inhaled corticosteroid, exhaled NO and serum 
IgE and blood eosinophils.10,20 The aim of this study was to analyse 
the impact of curcumin add-on therapy in patients requiring Step 4 
Treatment on sputum and blood eosinophils count, lung function, 
disease control and quality of life in asthma patients.

Subjects and methods
Study design: A prospective, randomised, single-blinded, placebo 
controlled and 3 months lasting study was conducted from December 
2016 to May 2017 year in Policlinic for Pulmonary Diseases of Public 
Medical and Educational Institution Tuzla, Bosnia and Herzegovina, 
whose Ethics Committee approved it (16-1-13421/19). All patients 
had given the written, signed informed consent prior of the study. 

Subjects: 150 non-smokers with asthma were included. Before the 
enrolment into the study all subjects had been treated by GINA 3 
Step treatment with low dose of ICS/LABA (250 mcg fluticasone 
propionate + 100 mcg salmeterol HFA, per day, divided in two doses) 
with inhaled salbutamol as needed during 3 months. At the very 
beginning of the study the ICS/LABA dose was increased up to GINA 
4 Step treatment (moderate dose: 500 mcg fluticasone propionate + 
100 mcg salmeterol HFA, per day, divided in two doses) with inhaled 
salbutamol as needed, based on asthma symptoms control. Before 
the increment of ICS/LABA dose, adherence and compliance to 
inhaled therapy were checked in all patients, by anamnesis of extent 
to which the patient’s history of therapeutic drug-taking coincides 
with the prescribed treatment, as well as by checking the technique 
of taking inhaled therapy. During next three months (observational 
period of this study) ICS/LABA dose was kept stable. Subjects were 
divided into three groups (n=50 each): 1. curcumin group receiving 
addition therapy with curcumin 500 mg per os twice daily, 2. placebo 
group (receiving placebo per os twice daily) and 3. control (non-
intervention) group, receiving ICS/LABA with salbutamol only. 
Subjects in curcumin and placebo group were blinded to therapy 
added to basic GINA 4 therapy.

Additional therapy was: dietary curcumin tablets of 500 mg (curcumin 
group) and inert, sugar tablets (placebo group). Curcumin tablets were 
provided by ZADA pharmaceuticals in Bosnia and Herzegovina. The 
real content of curcumin and placebo tablets was known only to a 
physician, but not to a patient (single blind study).

Inclusion criteria were: 1. moderate to severe asthma, partially 
controlled on Step 3 defined by last GINA recommendations; 2. good 
adherence and compliance to inhaled therapy; 3. age of 18 years or 
more. Exclusion criteria were: 1. history of drug allergy; 2. pregnant 
women or nursing mothers; 3. significant concomitant diseases; 
4. current smoking; 5. chest infection. Sputum eosinophils (sEo), 
blood eosinophils (bEo), high sensitive C-reactive protein (hsCRP), 
predicted forced expiratory volume in first second (FEV1%), Asthma 
Control Test (ACT) and mini Asthma Quality of Life Questionnaire 
(mAQLQ) were done in all patients before and after the study. Results 
were compared before and after study in each specific group, as well 
as between different groups.

Sputum induction and processing: Sputum was conducted concurrently 
with the inhaled hypertonic (3%) saline solution. Subjects were 
asked to rinse their mouth with water before the procedure to help 
eliminate squamous cell contamination of the sputum sample. They 
were asked to cough between each dose of nebulised saline to clear 
their throat and expectorate into a plastic Petri dish. This procedure 
continued until an adequate sample containing >0.5 ml visible 
mucocellular material was obtained. After induction, sputum was 
treated by adding four volumes of 0.1% dithiothreitol and rotated for 
30 minutes at 37°C, followed by four volumes of phosphate buffered 
saline. The suspension was filtered through 60 μm nylon gauze and 
then centrifuged at 200g for 10 minutes. Supernatant was aspirated 
and 70 μl placed for slide preparation. The quality of induced sputum 
samples was assessed based on the presence of an adequate number 
of cells for enumeration, the presence of pulmonary macrophages 
on the slide, and the proportion of squamous epithelial cells. This 
gave a quality score ranging from 0 (poor quality) to 6 (good quality 
sample). A differential cell count was obtained by counting 400 non-
squamous cells on slides fixed with methanol and stained with May 
Grunwald Giemsa. Eosinophils were enumerated as the percentage of 
400 cells on slides fixed with methanol and stained with Chromotrope 
2R. Metachromatic cells were counted as the percentage of 1500 cells 
on slides fixed in Carnoy’s solution and stained with acidic toluidine 
blue.

Serum hsCRP levels were measured using a highly sensitive CRP 
assay (Behring Latex-Enhanced using the Behring Nephelometer BN-
100; Behring Diagnostics, Westwood, MA, USA).

Peripheral blood relative eosinophil count was determined by an 
automated hematology analyzer (Cell-Dyn 4000; Abbott Laboratories, 
Abbott Park, IL).

Spirometric tests: Subjects withheld salbutamol 400 μg for 20 minutes 
before testing. Height and weight were recorded before performing 
three reproducible forced expiratory manoeuvres wearing nose clips 
to measure forced expiratory volume in 1 second (FEV1) and vital 
capacity (VC).

ACT test: 5 questions assessing asthma symptoms (daytime and 
nocturnal), use of rescue medication, the effect of asthma on daily 
functioning and patient self-assessed level of control pertaining to the 
past 2-4 weeks. The total score range from 5–25: 20-25 are “well-
controlled”, 16-19 “not well-controlled” and 5-15 are “very poorly 
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controlled” asthma. The minimally important difference of the ACT 
is 3 points or more.4

Mini AQLQ: 15 questions in 4 domains (symptoms, activity limitation, 
emotional function and environmental stimuli), of which five items in 
the domain Symptoms, four items in the domain Activity Limitations, 
three items in the domain Emotional Function and three items in the 
domain Environmental Stimuli. Each question is rated on a 7-point 
scale (7=not impaired at all; 1=severely impaired). Change in mini 
AQLQ score of greater than 0.5 could be considered as clinically 
important.21

Statistical analysis 
Non-parametric and parametric methods are used to calculate 
statistical significance. Kol-mogorov-Smirnov test and Shapiro-Wilk 
normality test were used in order to test the normality of distribution 
of variables. Mean values were shown as arithmetic mean ± standard 
deviation in case of normal distribution of variables (age, BMI, 
hsCRP, FEV1 (%), or median [minimum value, maximum value] in 
case of non-normal distribution (sEo, bEo, ACT score and AQLQ 

score). Two-sided student’s t-test, Mann-Whitney test, Fisher’s test 
and χ2 test were used for calculating the difference between the 
groups. ANOVA test was used to calculate the relative difference 
distribution variance between variables. The statistical hypotheses 
were tested at the level of α=0.05, and the difference between the 
groups in the sample was considered significant when p<0.05 or less. 
Statistical significance was depicted as: p<0.05, p<0.01 and p<0.001. 
All data were analysed using GraphPad Prism version 7 (San Diego, 
California, USA).

Results
150 non-smokers (47.41 ± 11.85 years, BMI 23.9 ± 1.78 kg/m2; F/M 
ratio 1.05) with asthma treated by GINA 4 Step were included and 
divided into three groups according additional therapy: curcumin, 
placebo and control (without additional therapy) group. No adverse 
effects were observed during additional therapy. Age, gender and 
BMI showed similar distribution between curcumin, placebo and 
control group (p>0.05) (Table 1). Also, before study sEo, bEo, hsCRP, 
FEV1 (% predicted), ACT score and AQLQ score were similar among 
groups (p>0.05 for all measurements) (Table 1).

Table 1 Baseline and follow up characteristics in curcumin, placebo and control group

Parameters Curcumin group
(n=50)

Placebo group
(n=50)

Control group
(n=50) p value

Mean age (years) 48.24 ± 13.08 47.06 ± 11.44 46.94 ± 11.13 0.8339
Body mass index
(kg/m2)

24.20 ± 0.76 23.59 ± 2.28 23.91 ± 1.92 0.2362

Females (n; %) 27 (54.0%) 22 (44.0%) 24 (48.0%) 0.6023
sEo (%)

before study 5.5 [0, 47] 5 [0, 30] 5 [0, 39] 0.9165
after study 3 [0, 18] 5 [0, 21] 4 [0, 31] 0.0199*
p value 0.0019* 0.1846 0.4571 -

bEo (%)
before study 5.9 [0.1, 15.3] 5 [0, 21] 5.55 [0.5, 16.9] 0.9647
after study 3.2 [0.1, 14.2] 5.55 [0.3, 17.3] 5.7 [0.4, 13.6] 0.038*
p value 0.0294* 0.7358 0.8332 -

hsCRP (mg/dl)

before study 4.25 ± 1.93 3.81 ± 2.04 3.91 ± 2.03 0.3905
after study 2.9 ± 1.93 3.63 ± 1.77 3.57 ± 1.7 0.0402*
p value 0.0002* 0.6347 0.3699 -

FEV1 (%)
before study 77.73 ± 5.61 75.98 ± 6.95 76.86 ± 7.11 0.2455
after study 86.02 ± 6.41 82.19 ± 9.07 82.14 ± 9.22 0.0309*
p value < 0.0001* 0.0002* 0.0018* -

ACT score
before study 14.5 [6, 19] 13.5 [6, 20] 13 [6, 19] 0.973
after study 19 [8, 21] 16 [6, 20] 15.5 [6, 21] 0.0003*
p value < 0.0001* < 0.0001* 0.0008* -
ACT change >3
after study (n; %)

29 (58.0%) 8 (16.0%) 8 (16.0%) < 0.0001*

mAQLQ score
before study 3 [2, 7] 3 [2, 7] 3 [2, 7] 0.8863
after study 5 [2, 7] 4 [1, 7] 4 [1, 7] 0.0114*
p value < 0.0001* 0.016* 0.0032* -
mAQLQ change ≥0.5
after study (n; %) 39 (78.0%) 25 (50.0%) 29 (58.0%) 0.0033*

(*) difference was significant
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After study, FEV1%, ACT and mAQLQ were higher in all groups 
than before study. In the same time, in curcumin group FEV1%, ACT 
and mAQLQ were higher than in placebo and control after study 
(Table 1).

Additionally, after study curcumin group showed lower sEo, bEo and 
hsCRP than before, while placebo and control group showed similar 
distribution of sEo, bEo and hsCRP before and after the study (Table 
1).

Furthermore, curcumin group showed more frequent clinically 
significant improvement in ACT score (change>3) and in mAQLQ 
score (change≥0.5) when compared to placebo and control after study 
(Table 1).

On the other side, despite of improvement in FEV1%, ACT and 
mAQLQ in placebo and control group after study, these parameters 
together with hsCRP, sEo and bEo were similarly distributed among 
placebo and control group (Table 1).

Discussion
Over the years, there has been increasing evidence that curcumin, 
a phytochemical present in Curcuma longa (Turmeric or haldi), has 
a wide spectrum of therapeutic properties including modulation of 
inflammation and oxidative stress.10 Many studies clearly established 
anti-inflammatory effects of curcumin, both in vitro and in vivo, 
by inhibiting iNOS production and scavenging the free radicals, 
inhibiting the activation of NF-kappaB and activating protein 1 (AP 
1) and suppressing the production of proinflammatory cytokines.9 
Intranasal administration of curcumin significantly inhibited airway 
inflammation and pulmonary fibrosis in ovalbumin-induced chronic 
asthma, where MMP-9 activities were decreased along with α-smooth 
muscle actin (α-SMA), MMP-9, TIMP-1 and eotaxin expressions, 
suggesting that intranasal curcumin regulates airway inflammation 
and remodelling in chronic asthma.22 In addition, data from various 
studies have demonstrated the efficacy of curcumin in animal models 
of asthma, but there are very few human trials, which explored the 
efficacy of oral curcumin in asthma with discordant results.10,23 Our 
study was performed on 150 non-smokers with asthma treated by 
GINA 4 Step in order to analyse the impact of curcumin add-on 
therapy on inflammatory parameters, lung function, disease control 
and quality of life.

Curcumin, when used as a complementary treatment to albendazole, 
could help to alleviate eosinophilic meningitis through suppression 
of eosinophil count in the cerebrospinal fluid.24 Exhibiting anti-
inflammatory effects, curcumin improved total leukocyte count, 
erytrocite sedimentation rate and blood eosinophils in asthma10 
and blood eosinophilia in a latex allergy model.25 Furthermore, a 
significant reduction in various inflammatory markers such CRP was 
observed in patients with polycystic ovary syndrome,26 osteoarthritis,27 
inflammatory bowel disease28 and Crohn’s disease29 when treated with 
curcumin. Recent systematic review and meta-analysis of randomized 
controlled trials that were conducted to assess the influence of 
curcumin-containing supplements on biomarkers of inflammation and 
oxidative stress showed that curcumin supplementation significantly 
decreased interleukin 6 and high-sensitivity C-reactive protein.30 

Moreover, curcumin coadministered with ovalbumin decreased airway 
constriction and hyperreactivity in sensitised guinea pigs.16 In humans, 
curcumin-rich diet was significantly associated with better pulmonary 

function, controlling for potential confounding by known risk factors 
for COPD. Increasing levels of curcumin intake were associated 
with higher mean adjusted FEV1 indicating a significant decrease in 
airway constriction and inflammation.31 In mild to moderate asthma 
curcumin as add on therapy improved FEV1 values.10

Results from other studies are opposite. So, despite in vitro evidence 
that curcumin has anti-inflammatory properties and can inhibit 
allergic cytokine responses from lymphocytes in vitro, curcumin 
at 1000 mg twice daily supplementation did not significantly affect 
postbronchodilator FEV1, ACT scores, use of rescue bronchodilator, 
dose of inhaled corticosteroid, eNO levels, or levels of serum IgE, 
total white blood cells, antibody specific to Der p or Der f, and blood 
eosinophils in patients with moderate persistent atopic asthma (Kim 
2011).20 However, the number of patients in this study was very small 
(15 patients) and two in the treatment group dropped out, resulting in 
a very low statistical power of the study.

In our study in moderate to severe asthma patients curcumin group 
showed improvement in FEV1, ACT score, AQLQ score, sEo, bEo 
and hsCRP when compared to baseline levels as well as to placebo 
and control group. In addition, we observed more frequent clinically 
significant improvement in ACT score (>3) and AQLQ score (≥0.5) in 
curcumin group compared to both placebo and control group (Table 
1). Our results are in concordance to majority of results of other 
authors indicating anti-inflammatory effects (sEo, bEo and hsCRP) 
and clinical benefits (FEV1, ACT and AQLQ score) of curcumin as 
add on therapy in step 4 asthma treatment.

On the other side, in the available and reviewed literature in English, 
we were unable to find a study that would compare the control (non-
intervention) and placebo group. In our study FEV1%, ACT and 
mAQLQ, together with hsCRP, sEo and bEo were similarly distributed 
among placebo and control group after study (Table 1). These results 
could be point out the double confirmation of beneficial effects of 
curcumin comparing to both control and placebo group. However, 
despite the initially expected benefits of placebo, especially in ACT 
and AQLQ, effects of placebo were the same as that in the control 
group. This could be explained by the relatively short duration of 
our study. Perhaps a study that would include a longer period of time 
showed the differences between the placebo and the control group. In 
any case, these results create a realistic basis for the continuation of a 
similarly designed research.

Our study has some advantages and disadvantages. The advantages 
are: 1. the number of patients in groups is satisfactory, 2. the study is 
placebo-controlled and single-blinded, 3. up to our knowledge this is 
the first study in patients with moderate to severe asthma, who were 
not well controlled with standard therapy. The disadvantage is that the 
study has lasted 3 months only, so its results could not be valid for a 
long-term therapy.

In conclusion, add-on therapy with curcumin in patients with moderate 
to severe, partially controlled asthma seems to improve step 4 asthma 
treatment regarding lung function, disease control and quality of life. 
Future studies may benefit from a larger sample size, longer study 
duration, double blind design of the study, different dose of curcumin 
and/or improvements in oral bioavailability.

Authors and contributors: Jusufovic Edin, Kosnik Mitja, 
Arifhodzic Nermina, Nurkic Jasmina, Al-Ahmad Mona, Jusufovic 
Azra, Halilovic Dzenan, Sejdinovic Rifat. Jusufovic Edin has created 

http://ologyjournals.com/submit-article
www.ologypress.com/submit-article
http://ologyjournals.com/submit-article
https://www.facebook.com/ologypress/
https://www.linkedin.com/in/ology-press-661356147/
https://twitter.com/ology_press
https://www.youtube.com/channel/UCJMeUdwvw_lY02YRtfSez4Q
https://doi.org/10.30881/prmij.00010


Pulmonary and Respiratory Medicine International Journal

Submit your Article | www.ologypress.com/submit-article

 Ology
Press

Citation: Edin J, Mitja K, Nermina A, et al. Curcumin improves step 4 asthma treatment: placebo-controlled, single blind 
study. Pulm Resp Med Int J. (2019);2(1):5-9. DOI: 10.30881/prmij.00010

9

the initial idea for the study. Jusufovic Azra and Halilovic Dzenan 
have recruited the patients. Kosnik Mitja, Arifhodzic Nermina and 
Sejdinovic Rifat were included in statistic processing of the data. 
Mona Al-Ahmad and Jasmina Nurkic have given valuable advices for 
sputum collection and its processing. Besides this during the writing 
of the study, all authors were included in collecting scientific material 
and analysing the results of the publication.

Funding: no specific funding was received for this study.

Acknowledgement: Special thanks to all colleagues in 
recruitment of patients and valuable advices.

Competing interest: None to declare

References
1. Bell MC, Busse WW. Severe asthma: an expanding and mounting clinical 

challenge. J Allergy Clin Immunol Pract. 2013;1(2):110–121.

2. Braido F, Brusselle G, Guastalla D, et al. Determinants and impact of 
suboptimal asthma control in Europe: The INTERNATIONAL CROSS-
SECTIONAL AND LONGITUDINAL ASSESSMENT ON ASTHMA 
CONTROL (LIASON) study. Respir Res. 2016;17(1):51.

3. Sadatsafavi M, McTaggart-Cowan H, Chen W, FitzGerald JM. Quality 
of life and asthma symptom control: room for improvement in care and 
measurement. Value Health. 2015;18(8):1043–1049.

4. Cowan DC, Cowan JO, Palmay R, Williamson A, Taylor DR. Effects 
of steroid therapy on inflammatory cell subtypes in asthma. Thorax. 
2010;65(5):384–390.

5. Blanc PD, Trupin L, Earnest G, Katz PP, Yelin EH, Eisner MD. 
Alternative therapies among adults with a reported diagnosis of 
asthma or rhinosinusitis: data from a population-based survey. Chest. 
2001;120(5):1461–1467.

6. Itokawa H, Shi Q, Akiyama T, Morris-Natschke SL, Lee K-H. Recent 
advances in the investigation of curcuminoids. Chin Med. 2008;3(1):11.

7. Jurenka JS. Anti-inflammatory properties of curcumin, a major constituent 
of Curcuma longa: a review of preclinical and clinical research. Altern 
Med Rev. 2009;14(2).

8. Cheng Y, Jian P, Xu L. Effects of curcumin on peroxisome proliferator-
activated receptor γ expression and nuclear translocation/redistribution 
in culture-activated rat hepatic stellate cells. Chin Med J (Engl). 
2007;120(9):794–801.

9. Barnes PJ. Cytokine modulators as novel therapies for asthma. Annu Rev 
Pharmacol Toxicol. 2002;42(1):81–98.

10. Abidi A, Gupta S, Agarwal M, Bhalla HL, Saluja M. Evaluation of 
efficacy of curcumin as an add-on therapy in patients of bronchial asthma. 
J Clin Diagn Res JCDR. 2014;8(8):HC19.

11. Wong CK, Li ML, Wang CB, Ip WK, Tian YP, Lam CW. House dust 
mite allergen Der p 1 elevates the release of inflammatory cytokines and 
expression of adhesion molecules in co-culture of human eosinophils and 
bronchial epithelial cells. Int Immunol. 2006;18(8

12. Wuyts WA, Vanaudenaerde BM, Dupont LJ, Demedts MG, Verleden GM. 
Involvement of p38 MAPK, JNK, p42/p44 ERK and NF-κB in IL-1β-
induced chemokine release in human airway smooth muscle cells. Respir 
Med. 2003;97(7):811–817.

13. Mollazadeh H, Cicero AF, Blesso CN, Pirro M, Majeed M, Sahebkar A. 
Immune modulation by curcumin: The role of interleukin-10. Crit Rev 
Food Sci Nutr. 2019;59(1):89–101.

14. Kobayashi T, Hashimoto S, Horie T. Curcumin inhibition of 
Dermatophagoides farinea-induced interleukin-5 (IL-5) and granulocyte 

macrophage-colony stimulating factor (GM-CSF) production by 
lymphocytes from bronchial asthmatics. Biochem Pharmacol. 1997;54(7

15. Karaman M, Ayyıldız ZA, Fırıncı F, et al. Effects of curcumin on lung 
histopathology and fungal burden in a mouse model of chronic asthma 
and oropharyngeal candidiasis. Arch Med Res. 2011;42(2):79–87.

16. Ram A, Das M, Ghosh B. Curcumin attenuates allergen-induced 
airway hyperresponsiveness in sensitized guinea pigs. Biol Pharm Bull. 
2003;26(7):1021–1024.

17. Hong J, Bose M, Ju J, et al. Modulation of arachidonic acid metabolism 
by curcumin and related β-diketone derivatives: effects on cytosolic 
phospholipase A 2, cyclooxygenases and 5-lipoxygenase. Carcinogenesis. 
2004;25(9):1671–1679.

18. Chainani-Wu N. Safety and anti-inflammatory activity of curcumin: 
a component of tumeric (Curcuma longa). J Altern Complement Med. 
2003;9(1):161–168.

19. Genovese T, Rossi A, Mazzon E, et al. Effects of zileuton and 
montelukast in mouse experimental spinal cord injury. Br J Pharmacol. 
2008;153(3):568–582.

20. Kim DH, Phillips JF, Lockey RF. Oral curcumin supplementation in 
patients with atopic asthma. Allergy Rhinol. 2011;2(2):ar–2011.

21. Juniper EF, Guyatt GH, Cox FM, Ferrie PJ, King DR. Development and 
validation of the mini asthma quality of life questionnaire. Eur Respir J. 
1999;14(1):32–38.

22. Chauhan PS, Dash D, Singh R. Intranasal curcumin inhibits pulmonary 
fibrosis by modulating matrix metalloproteinase-9 (MMP-9) in 
ovalbumin-induced chronic asthma. Inflammation. 2017;40(1):248–258.

23. Lelli D, Sahebkar A, Johnston TP, Pedone C. Curcumin use in pulmonary 
diseases: State of the art and future perspectives. Pharmacol Res. 
2017;115:133–148.

24. Shyu L, Chang H, Hsu J, Lin DP, Teng Y, Lee H. Curcumin alleviates 
eosinophilic meningitis through reduction of eosinophil count following 
albendazole treatment against Angiostrongylus cantonensis in mice. 
Parasitology. 2012;139(3):358–365.

25. Kurup VP, Barrios CS, Raju R, Johnson BD, Levy MB, Fink JN. Immune 
response modulation by curcumin in a latex allergy model. Clin Mol 
Allergy. 2007;5(1):1.

26. Mohammadi S, Kayedpoor P, Karimzadeh-Bardei L, Nabiuni M. The 
effect of curcumin on TNF-α, IL-6 and CRP expression in a model of 
polycystic ovary syndrome as an inflammation state. J Reprod Infertil. 
2017;18(4):352.

27. Belcaro G, Cesarone MR, Dugall M, et al. Product-evaluation 
registry of Meriva®, a curcumin-phosphatidylcholine complex, for 
the complementary management of osteoarthritis. Panminerva Med. 
2010;52(2 Suppl 1):55–62.

28. Holt PR, Katz S, Kirshoff R. Curcumin therapy in inflammatory bowel 
disease: a pilot study. Dig Dis Sci. 2005;50(11):2191–2193.

29. Schneider A, Hossain I, VanderMolen J, Nicol K. Comparison of remicade 
to curcumin for the treatment of Crohn’s disease: a systematic review. 
Complement Ther Med. 2017;33:32–38.

30. Tabrizi R, Vakili S, Akbari M, et al. The effects of curcumin-containing 
supplements on biomarkers of inflammation and oxidative stress: A 
systematic review and meta-analysis of randomized controlled trials. 
Phytother Res. 2019;33(2):253–262.

31. Ng TP, Niti M, Yap KB, Tan WC. Curcumins-rich curry diet and 
pulmonary function in Asian older adults. PLoS One. 2012;7(12):e51753.

http://ologyjournals.com/submit-article
http://ologypress.com/
http://ologypress.com/
https://www.facebook.com/ologypress/
https://www.linkedin.com/in/ology-press-661356147/
https://twitter.com/ology_press
https://www.youtube.com/channel/UCJMeUdwvw_lY02YRtfSez4Q
https://doi.org/10.30881/prmij.00010
https://www.sciencedirect.com/science/article/pii/S2213219813000810
https://www.sciencedirect.com/science/article/pii/S2213219813000810
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-016-0374-z
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-016-0374-z
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-016-0374-z
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-016-0374-z
https://www.sciencedirect.com/science/article/pii/S1098301515020264
https://www.sciencedirect.com/science/article/pii/S1098301515020264
https://www.sciencedirect.com/science/article/pii/S1098301515020264
https://thorax.bmj.com/content/65/5/384.short
https://thorax.bmj.com/content/65/5/384.short
https://thorax.bmj.com/content/65/5/384.short
https://cmjournal.biomedcentral.com/articles/10.1186/1749-8546-3-11
https://cmjournal.biomedcentral.com/articles/10.1186/1749-8546-3-11
https://cmjournal.biomedcentral.com/articles/10.1186/1749-8546-3-11
https://cmjournal.biomedcentral.com/articles/10.1186/1749-8546-3-11
https://cmjournal.biomedcentral.com/articles/10.1186/1749-8546-3-11
https://cmjournal.biomedcentral.com/articles/10.1186/1749-8546-3-11
http://69.164.208.4/files/Anti-inflammatory Properties of Curcumin, a Major Constituent of Curcuma longa: A Review of Preclinical and Clinical Research.pdf
http://69.164.208.4/files/Anti-inflammatory Properties of Curcumin, a Major Constituent of Curcuma longa: A Review of Preclinical and Clinical Research.pdf
http://69.164.208.4/files/Anti-inflammatory Properties of Curcumin, a Major Constituent of Curcuma longa: A Review of Preclinical and Clinical Research.pdf
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.42.111901.111143
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.42.111901.111143
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190737/
https://academic.oup.com/intimm/article-abstract/18/8/1327/770699
https://academic.oup.com/intimm/article-abstract/18/8/1327/770699
https://academic.oup.com/intimm/article-abstract/18/8/1327/770699
https://academic.oup.com/intimm/article-abstract/18/8/1327/770699
https://www.sciencedirect.com/science/article/pii/S0954611103000362
https://www.sciencedirect.com/science/article/pii/S0954611103000362
https://www.sciencedirect.com/science/article/pii/S0954611103000362
https://www.sciencedirect.com/science/article/pii/S0954611103000362
https://www.tandfonline.com/doi/abs/10.1080/10408398.2017.1358139
https://www.tandfonline.com/doi/abs/10.1080/10408398.2017.1358139
https://www.tandfonline.com/doi/abs/10.1080/10408398.2017.1358139
https://www.sciencedirect.com/science/article/pii/S0006295297002207
https://www.sciencedirect.com/science/article/pii/S0006295297002207
https://www.sciencedirect.com/science/article/pii/S0006295297002207
https://www.sciencedirect.com/science/article/pii/S0006295297002207
https://www.sciencedirect.com/science/article/pii/S0188440911000129
https://www.sciencedirect.com/science/article/pii/S0188440911000129
https://www.sciencedirect.com/science/article/pii/S0188440911000129
https://www.jstage.jst.go.jp/article/bpb/26/7/26_7_1021/_article/-char/ja/
https://www.jstage.jst.go.jp/article/bpb/26/7/26_7_1021/_article/-char/ja/
https://www.jstage.jst.go.jp/article/bpb/26/7/26_7_1021/_article/-char/ja/
https://academic.oup.com/carcin/article-abstract/25/9/1671/2475977
https://academic.oup.com/carcin/article-abstract/25/9/1671/2475977
https://academic.oup.com/carcin/article-abstract/25/9/1671/2475977
https://academic.oup.com/carcin/article-abstract/25/9/1671/2475977
https://www.liebertpub.com/doi/abs/10.1089/107555303321223035
https://www.liebertpub.com/doi/abs/10.1089/107555303321223035
https://www.liebertpub.com/doi/abs/10.1089/107555303321223035
https://onlinelibrary.wiley.com/doi/pdf/10.1038/sj.bjp.0707577
https://onlinelibrary.wiley.com/doi/pdf/10.1038/sj.bjp.0707577
https://onlinelibrary.wiley.com/doi/pdf/10.1038/sj.bjp.0707577
https://journals.sagepub.com/doi/abs/10.2500/ar.2011.2.0016
https://journals.sagepub.com/doi/abs/10.2500/ar.2011.2.0016
https://erj.ersjournals.com/content/14/1/32.short
https://erj.ersjournals.com/content/14/1/32.short
https://erj.ersjournals.com/content/14/1/32.short
https://link.springer.com/article/10.1007/s10753-016-0475-3
https://link.springer.com/article/10.1007/s10753-016-0475-3
https://link.springer.com/article/10.1007/s10753-016-0475-3
https://www.sciencedirect.com/science/article/pii/S1043661816307083
https://www.sciencedirect.com/science/article/pii/S1043661816307083
https://www.sciencedirect.com/science/article/pii/S1043661816307083
https://www.cambridge.org/core/journals/parasitology/article/curcumin-alleviates-eosinophilic-meningitis-through-reduction-of-eosinophil-count-following-albendazole-treatment-against-angiostrongylus-cantonensis-in-mice/AC5F0EB9852B5A114F60596B77D9D643
https://www.cambridge.org/core/journals/parasitology/article/curcumin-alleviates-eosinophilic-meningitis-through-reduction-of-eosinophil-count-following-albendazole-treatment-against-angiostrongylus-cantonensis-in-mice/AC5F0EB9852B5A114F60596B77D9D643
https://www.cambridge.org/core/journals/parasitology/article/curcumin-alleviates-eosinophilic-meningitis-through-reduction-of-eosinophil-count-following-albendazole-treatment-against-angiostrongylus-cantonensis-in-mice/AC5F0EB9852B5A114F60596B77D9D643
https://www.cambridge.org/core/journals/parasitology/article/curcumin-alleviates-eosinophilic-meningitis-through-reduction-of-eosinophil-count-following-albendazole-treatment-against-angiostrongylus-cantonensis-in-mice/AC5F0EB9852B5A114F60596B77D9D643
https://clinicalmolecularallergy.biomedcentral.com/articles/10.1186/1476-7961-5-1
https://clinicalmolecularallergy.biomedcentral.com/articles/10.1186/1476-7961-5-1
https://clinicalmolecularallergy.biomedcentral.com/articles/10.1186/1476-7961-5-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5691251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5691251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5691251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5691251/
https://www.researchgate.net/profile/Giovanni_Appendino3/publication/51444532_Product-evaluation_registry_of_MerivaR_a_curcumin-phosphatidylcholine_complex_for_the_complementary_management_of_osteoarthritis/links/53df5c5e0cf2cfac992974af.pdf
https://www.researchgate.net/profile/Giovanni_Appendino3/publication/51444532_Product-evaluation_registry_of_MerivaR_a_curcumin-phosphatidylcholine_complex_for_the_complementary_management_of_osteoarthritis/links/53df5c5e0cf2cfac992974af.pdf
https://www.researchgate.net/profile/Giovanni_Appendino3/publication/51444532_Product-evaluation_registry_of_MerivaR_a_curcumin-phosphatidylcholine_complex_for_the_complementary_management_of_osteoarthritis/links/53df5c5e0cf2cfac992974af.pdf
https://www.researchgate.net/profile/Giovanni_Appendino3/publication/51444532_Product-evaluation_registry_of_MerivaR_a_curcumin-phosphatidylcholine_complex_for_the_complementary_management_of_osteoarthritis/links/53df5c5e0cf2cfac992974af.pdf
https://link.springer.com/article/10.1007/s10620-005-3032-8
https://link.springer.com/article/10.1007/s10620-005-3032-8
https://www.sciencedirect.com/science/article/pii/S0965229917300870
https://www.sciencedirect.com/science/article/pii/S0965229917300870
https://www.sciencedirect.com/science/article/pii/S0965229917300870
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6226
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6226
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6226
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6226
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0051753
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0051753

	Title
	Abstract
	Keywords
	Introduction
	Subjects and methods 
	Statistical analysis  
	Results
	Discussion
	Authors and contributors
	Funding
	Acknowledgement
	Competing interest
	References 
	Table 1

