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A B S T R A C T

Objective: The aim of this study was to evaluate the effect of carvacrol on serum levels of interleukins (IL-2, IL-4,
IL-6, IL-8, and IL-10), interferon-gamma (IFNγ) levels and pulmonary function tests (PFT) in patients who were
exposed to sulfur mustard (SM).
Methods: Twenty patients exposed to SM 27–30 years ago were divided to placebo and carvacrol (1.2 mg/kg/
day) treated groups (n=10 for each group). Drugs were given in a double-blind manner for two months. Serum
levels of cytokines and PFT values including; maximum mid-expiratory flow (MMEF) and maximum expiratory
flow at 25, 50 and 75% of vital capacity (MEF25, 50 and 75) were measured at the beginning (step 0), one and
two month (steps I and II, respectively) after starting the treatment.
Results: The serum levels of IL-2, IL-4, IL-6 and IL-8 were significantly decreased in step I and II compared to step
0 (p < 0.05 to p < 0.001), while the serum levels of IL-10 and IFNγ were increased in step II compared to step
0 (p < 0.01, for both cases) and IFN-γ/IL-4 ratio was enhanced in step II compared to step 0 (p < 0.001) in
carvacrol treated group. MMEF, MEF75, and 50 values were significant increase in step I and II compared to step
0 (p < 0.05 to p < 0.001) in carvacrol treated group.
Conclusion: Treatment with carvacrol for two months reduced inflammatory cytokine, while increased anti-
inflammatory cytokines and improved PFT tests in SM induced lung injury.

1. Introduction

Sulfur mustard (SM) is a vesicant agent which lead to short and long
term injury in different organs including; Lung, eyes, skin, heart, ner-
vous and digestive systems [1,2]. SM injured too many Iranians ve-
terans (more than 100,000) which many of them are still suffering from
the effects of exposure to this agent [3]. Basic and molecular mechan-
isms involved in SM clinical symptoms are unclear and clinical man-
agement strategies for treatment of injured patients are not well defined
[4]. Some studies indicating important alterations in immunological
parameters including TCD4+, TCD8+, Natural Killer cells, im-
munoglobulins and cytokines regarding to immunological status of long

term effect of SM exposure [5,6].
SM exposed in guinea pig caused accumulation of inflammatory cell

in the airways and lung which lead to structural and functional al-
terations in the respiratory tract [7]. SM exposure also increased in-
flammatory cytokines including tumor necrosis factor-α (TNFα), IL-1α,
IL-1β, and reactive oxygen radicals. In addition, SM in the lung also can
cause serious pathological changes including airway inflammation,
parenchymal tissue destruction and airway obstruction which can lead
to asthma or chronic obstructive pulmonary disease (COPD) [8]. Car-
vacrol is a monoterpenic phenol and the main component of essential
oil in various plants especially Origanum vulgare (oregano) and Thymus
genus from Lamiaceae family [9].
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Carvacrol is allowed for food use by the FDA and was involved in
the list of chemical flavorings by the Council of Europe [10]. Several
pharmacological properties including, antioxidant [11], anti-in-
flammatory and immunomodulatory [12,13], antitumor [14] and an-
timicrobial [15] effects were shown for carvacrol in previous studies.
Carvacrol decreased inflammation by various mechanisms such as; in-
hibition of cyclooxygenase-2 and subsequently decreased prostaglandin
E2 production [16], reduced production of inflammatory mediators
including TNF-α, IL-6, iNOS and IL-10 [17–19], and also reduced IL-4,
endothelin, IgE and eosinophil peroxidase levels while increased IFN-γ
in the serum of treatment sensitized guinea-pigs [20,21]. Total white
blood cell (WBC), eosinophil, serum levels of IL-8 and malondialdehyde
(MDA) were also decreased in animal model of chronic obstructive
pulmonary disease (COPD) treated with carvacrol [22].

Therefore, the aim of this study was to examine the preventive
therapeutic effect of two month treatment with carvacrol on the serum
levels of inflammatory and anti-inflammatory cytokines and pulmonary
function tests (MMEF and MEF25, 50 and 75) in patients with lung
disorder due to SM exposure, 27–30 years ago.

2. Materials and methods

2.1. Participants

Thirty two eligible male patients were selected on Aug 2016 which
seven of them were declination to participations the study or not ful-
filling the inclusion criteria. Twenty five chemical war victims were
enrolled and randomly allocated to two groups by simple randomiza-
tion which five of them did not continued the study and 20 subjects
completed the study on Mar 2017 (Fig. 1). Exposure to SM is the elig-
ibility criteria for participants. Ages of participants in the placebo and
carvacrol treated groups were 55.20 ± 7.35 and 57.30 ± 7.34
(mean ± SD) years, and their heights were 172.30 ± 7.34 and
170.40 ± 5.21. All patients were referred by an organization for che-
mical war victims in Iran. The distance between the exposed veterans
and the bomb site ranged from 500 to more than 3000m and the time
from the exposure to SM ranged from 27 to 30 years. All studied sub-
jects were nonsmokers; none of them reported a recent respiratory in-
fection or had a history of asthma or chronic obstructive pulmonary
disease (COPD) prior to exposure to chemical warfare. All subjects also
have no history of medications for cardiac, high blood pressure and
diabetes. Demographic information of participants was presented in
Table 1.

This clinical trial was approved by the Ethical Committee of the
Mashhad University of Medical Sciences (Code: 920537), and all sub-
jects signed informed consent. It was also registered in Iranian Registry
of Clinical Trials (IRCT Code: IRCT2014031617020N1).

2.2. Preparation of carvacrol drug

Carvacrol pharmaceutical grade (90%) was purchased from
Ji’AnHaiRui Natural Plant Co. (China). Pellets were produced by
coating of carvacrol onto the non-pareil beads (850–1180 μm) using
fluidized bed coater (Wurster insert, Werner Glatt, Germany). 80% (w/
v) of carvacrol was prepared by dispersing of 5% HPMC and 2% Talc in
absolute ethanol. This suspension was passed through a 140 mesh sieve.
The suspension was sprayed onto non-pareils using fluidized bed coater.
The suspension was stirred throughout layering process. The carvacrol
layering process was carried out to produce pellets with about 7.5 and
11.75% (w/w) carvacrol load. After coating, the pellets were re-coated
with HPMC 5% solution and fluidized for about 5min and then were
kept in an oven for 2 h at 40 °C. The amount of carvacrol in pellets was
measured by GC method. The GC analysis was performed using a Varian
CP-3800 equipped with FID detector, fused-silica column (CP-Sil 8CB,
50m×0.25mm, film thickness 0.12 μm).

Although all drugs were used during 2months, an accelerated

stability studies (40 °C ± 2 °C/75% RH ± 5% RH)1 were done for a
period of 6months. The results displayed that no significant changes
were observed through this period [23]. Drugs including, carvacrol and
placebo were labeled by drug packager.

2.3. Treatment groups

Twenty chemical war victims were divided by the first author to two
groups used from simple randomization included: placebo group (P)
and treatment group with carvacrol (1.2 mg/kg/day) three times a day
(n= 10 for each group). Drugs were prescribed in double-blind manner
for two months according to the previous studies [20,22,37]. All pa-
tients were advised to continue their pervious treatment regimen as
described in Table 1. Blood sampling in not fasting situation were
carried out in three steps during trial including; pretreatment (step 0),
one month after treatment (step I) and two months after treatment (step
II). The enrollment flow chart of SM induced lung injury was showed in
Fig. 1.

2.4. Serum collection and cytokine measurement

Peripheral blood samples in non-fasting condition were collected
from each patient, allowed to clot at room temperature and centrifuged
for 20min at 2000g. Serum was removed, aliquoted and stored at
−80 °C until future measurements.

The concentrations of serum cytokines, including IL-2, IL-4, IL-6, IL-
8, IL-10 and IFN-γ were measured using the EV3513 cytokine biochip
array (Randox Laboratories, London, UK) and competitive chemilumi-
nescence immunoassays (Randox Laboratories, London, UK), according
to the manufacturer’s instructions [24], using the Randox Evidence
Investigator. The Evidence Investigator is an automated analyser for the
simultaneous detection of multiple cytokines from a single sample and
uses sandwich chemiluminescent methods [24].

2.5. Measurement of pulmonary function tests (PFT)

PFE test including; maximum mid-expiratory flow (MMEF), and
maximum expiratory flow rate (MEF25, 50 and 75) were measured
using a spirometer with a pneumotachograph sensor (Model ST90,
Fukuda, Sangyo Co., Ltd., Japan). MMEF and MEF25, 50 and 75 were
measured based on standards outlined by the American Thoracic
Society (ATS). Prior to measurement of PFT, measurement technique
was demonstrated by the operator, and PFT was measured in a sitting
position and wearing nose clips. PFT measurement was performed two
or three times and the best values were chosen among measurements.

2.6. Statistical analysis

The data of different cytokines and pulmonary function test were
expressed as mean ± SD. The percent change of each variable during
treatment period was calculated using the following equation:

=
− ×

I or II/0
(value in step I or II value in step 0) 100

value in step 0

=
− ×

I/II
(value in step II value in step I) 100

value in step I

The comparisons of data in each group during three steps of the
study were analyzed using repeated measures procedure. Pairwise
comparisons were performed by Bonferroni test. The comparison of PFT
changes during treatment period between treated and placebo groups
were analyzed by independent samples test. p-value < 0.05 was con-
sidered to be statistically significant.
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Fig. 1. Flowchart of the study selection of patients.

Table 1
Demographic information of SM exposed patients, participated in the study.

Group Age Height Wight BMI n

Placebo 55.20 ± 7.35 172.30 ± 8.61 79.50 ± 3.35 27.87 ± 1.02 10
Carvacrol (1.2mg/kg) 57.30 ± 7.34 170.40 ± 5.21 76.10 ± 4.35 25.97 ± 1.10 10
Previous treatment regimen Respiratory inhaled salbutamol and corticosteroid, oral corticosteroid, theophylline in 10 placebo and 10 carvacrol treated patients

Others Statins, vitamin supplementation, metformin, losartan in 4 placebo and 7 carvacrol treated patients

SM: Sulfur mustard; BMI: Body Mass Index.
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3. Results

3.1. The effects of carvacrol on serum cytokines

The serum levels of IL-2 and IL-4 were significantly decreased in
step I (p < 0.01 and p < 0.05, respectively), and in step II
(p < 0.001 for both cases), compared to the step 0 in carvacrol treated
group. In addition the levels of IL-2 and IL-4 in step II were significantly
reduced compared to step I (p < 0.01 and p < 0.05, respectively,
Fig. 2A and B). The serum levels of IL-6 was also significantly decreased
in step I and II compared to the step 0 (p < 0.05 and p < 0.01, re-
spectively) in carvacrol treated group (Fig. 2C).

The serum level of IL-8 was significantly decreased in step I and II
compared to the step 0 (p < 0.01 and p < 0.001, respectively)
(Fig. 3A), while the serum levels of IL-10 and IFN-γ were significantly
increased in carvacrol treated groups, in step II compared to step 0
(p < 0.01, for both cases, Fig. 3B and C). In addition, the serum level
of IL-10 was significantly increased in step II compared to step I
(p < 0.01, Fig. 3B). Carvacrol treatment was also lead to enhancement
of the IFN-γ/IL-4 ratio (Th1/Th2 balance) in step II compared to step 0
(p < 0.001). In addition, the IFN-γ/IL-4 ratio was significantly in-
creased in step II compared to step I (p < 0.05, Fig. 3D). Cytokines
levels in the placebo group were not significantly changed in step I and
II compared to step 0.

The percent change of IL-2 and IL-6 in carvacrol treated group
(p < 0.05 for both cases) and the level of IL-10 in step I relative to step

0 were significantly Improved compared to placebo group (p < 0.05,
Fig. 4A). The percent change of IL-2, IL-4, IL-6 and IL-8 in carvacrol
treated group (p < 0.05 to p < 0.01), as well as the percent change of
IL-10 and IFN-γ in step II relative to step 0 were significantly improved
compared to placebo group (p < 0.001 and p < 0.01, respectively
Fig. 4B). The percent change of IL-2 and IL-6 in carvacrol treated group
(p < 0.05 and p < 0.001, respectively), and the percent change of IL-
10 in step II relative to step I were significantly improved compared to
placebo group (p < 0.05 Fig. 4C).

3.2. The effects of carvacrol on PFT

PFT values in the placebo group were not significantly changes in
step I and II compared to step 0 (Fig. 5A). MMEF, MEF75 and 50 values
were significant increase in carvacrol treated group in step I and II
compared to step 0 (p < 0.05 to p < 0.001, Fig. 5B). In addition,
MMEF and MEF75 values were significant increase in step II compared
to step I (p < 0.05 for both cases, Fig. 5B).

The percent change of MEF50 in carvacrol treated group, in step I
relative to step 0 (I/0) (p < 0.01, Fig. 6A), and also MEF50 and MEF25
in step II relative to step 0 (I/0) (p < 0.01 and p < 0.05, respectively,
Fig. 6B) were significantly improved compared to placebo group. In
addition, the percent change of MEF75 and 50, in step II relative to step
I (II/I) were significantly improved compared to placebo group
(p < 0.01 and p < 0.05, respectively, Fig. 6C).

Fig. 2. Serum levels of IL-2 (A), IL-4 (B), and IL-6 (C) at the baseline (step 0), the end of first (step I), and second (step II) month of the study in treated groups with
placebo and carvacrol (1.2 mg/kg). Data were presented as mean ± SD. Significant difference in values of the step I and II compared to step 0, *p < 0.05,
**p < 0.01, ***p < 0.001. Significant difference in the values of step II compared to step I, +p < 0.05, ++p < 0.01. Statistical comparisons were performed using
repeated measures procedure. Pairwise comparisons were performed by Bonferroni test.
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4. Discussion

In the current study the effect of two months treatment with car-
vacrol (1.2 mg/kg/day) on serum levels of cytokines and PFT (MMEF
and MEF25, 50 and 75) values in patients with lung disorder due to
exposure to SM about 30 years ago were assessed. According to the
results of this study, carvacrol significantly decreased inflammatory
cytokines including, IL-2, IL-4, IL-6 and IL-8 during two months treat-
ment period. Moreover, carvacrol treatment significantly increased the
levels of anti-inflammatory cytokines, IL-10, IFN-γ and IFN-γ/IL-4 ratio
at the end of one and two months treatment compared to baseline va-
lues.

Inhalation of SM induces an acute pro inflammatory response in the
lung and induced the expression of pro-inflammatory cytokines and
chemokines in the lung tissues and bronchoalveolar lavage (BAL) of
SM-exposed rats. Additionally, SM exposure significantly increased the
expression of pro-inflammatory cytokines including (IL-1β, TNF-α, IL-2,
and IL-6) in the lung [25]. The serum level of IL-6 was increased in
patients with SM poisoning and stable COPD, which indicated a direct
association with airflow limitation [26]. In an in vitro study, the levels
of IL-8 was significantly increased in human lung small airway cell
(SAC) exposed to SM [27]. Increased IL-6 and decreased IFN-γ in BAL
fluid and serum of exposed rat to SM were also reported [28]. Serum
levels of interleukin IL-8, IL-6 and cell adhesion molecules (e.g. se-
lectins) were also increased in SM-exposed subjects, 20 years after ex-
posure [29,30]. All described studies indicated cytokines changes due

to SM exposure.
It was shown that D-galactosamine (D-GalN)-induced hepatotoxic in

rats significantly up-regulated mRNA and protein expressions of TNF-α,
IL-6, iNOS, cyclooxygenase-2 (COX-2), NF-κB and the expressions of
these genes were significantly down-regulated by treatment with car-
vacrol [17]. Treatment of sensitized animals with carvacrol sig-
nificantly decreased IL-4 and endothelin level but significantly in-
creased IFN-γ levels [20]. The antihyperlipidemic and anti-
inflammatory effect of combination therapy of carvacrol and rosiglita-
zone on diabetic mice showed that the alteration of total cholesterol,
triglycerides, phospholipids and free fatty acids in plasma and liver
tissue for inflammatory cytokines (TNF-α and IL-6) significantly mod-
ulates towards normality [31]. Administration of carvacrol attenuated
the paw edema and reduced the IL-1β, prostaglandin E2, COX-2 and
reduced IL-1β mRNA expression. Furthermore, the levels of IL-10, an
anti-inflammatory cytokine, and the IL-10 mRNA expression in the in-
flamed paw were enhanced by carvacrol [32]. The results of the present
study showed increased IFN-γ/IL-4 ratio which indicate increased Th1/
Th2 ratio due to carvacrol treatment in patients with lung disorder due
to SM exposure. In the previous study carvacrol significantly increased
IFN-γ and FOXP3 genes expression but significantly decreased IL-4,
TGF-β and IL-17 genes expression in splenocytes from sensitized ani-
mals. Furthermore, carvacrol significantly increased IFN-γ/IL-4 ratio in
the treated splenocytes compared to untreated cells [33]. In guinea pig
model of asthma also carvacrol treatment showed increased IFN-γ/IL-4
ratio [20] which support the findings of the present study.

Fig. 3. Serum levels of IL-8 (A), IL-10 (B), IFN-γ (C) and IFN-γ/IL-4 ratio (Th1 to Th2 balance) (D) at the baseline (step 0), the end of first (step I), and second (step II)
month of the study in treated groups with placebo and carvacrol (1.2 mg/kg). Data were presented as mean ± SD. Significant difference in values of the step I and II
compared to step 0, **p < 0.01, ***p < 0.001. Significant difference in the values of step II compared to step I, +p < 0.05. Statistical comparisons were performed
using repeated measures procedure. Pairwise comparisons were performed by Bonferroni test.
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All the above studies indicate a potent anti-inflammatory property
for carvacrol and support the findings of the present study. The im-
provement effect of carvacrol on inflammatory and anti-inflammatory
cytokines and the absence of these effects in the placebo treated group

indicate potential preventive therapeutic effect of carvacrol in in-
flammatory lung diseases including the lung inflammation in SM ex-
posed patients.

The results of the present study also showed that one and two month

Fig. 4. Percent change in serum cytokines in treated groups with placebo and carvacrol (1.2 mg/kg) treated groups in step I relative to step 0 (A), step II relative to
step 0 (B) and step II relative to step I (C). Data were presented as mean ± SD. Significant difference in the treated groups compared to the placebo group,
*p < 0.05, **p < 0.01, ***p < 0.01. Statistical comparisons were performed using independent T-test.

Fig. 5. Maximum mid-expiratory flow (MMEF), and maximum expiratory flow rate at 25, 50 and 75% of vital capacity (MEF25, MEF50 and MEF75 respectively) in
treated groups with A: placebo group and B: carvacrol (1.2 mg/kg) at the baseline (step 0), the end of first (step I), and second (step II) month of the study. Data were
presented as mean ± SD. Significant difference in the step I and II compared to step 0; *p < 0.05, **p < 0.01, ***p < 0.001. Significant difference in step II
compared to step I; +p < 0.05. Statistical comparisons were performed using repeated measures procedure, with time as within-subjects. Pairwise comparisons were
performed by Bonferroni test.
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treatment with carvacrol resulted in increased MMEF, MEF75 and 50
values. The percent improvement in MEF25, MEF50 and MEF75 values
in carvacrol treatment group were significantly higher compared to
placebo treatment group. Therefore, the results of the present study,
suggested a potential preventive therapeutic effect of carvacrol in lung
disorders of SM exposed patients.

The results of previous studies also shown that some of the PFT
parameters including FVC, MMEF, and MEF75 significantly increased
due to inhaled salbutamol in SM-exposed patients compared to control
group 18–20 years after exposure [34]. SM exposure also caused
chronic bronchitis, pulmonary fibrosis, and bronchiectasis, in SM-in-
duced patients 10 years after exposure [35,36]. The results of previous
study showed that treatment with carvacrol in a 2month study period
increased pulmonary function tests but decreased respiratory symptoms
and inflammation in asthmatic patients [37]. Furthermore, the relaxant
effect of carvacrol on tracheal smooth muscle of guinea pigs [38,39]
and its inhibitory effect on muscarinic [40] and histamine H1 receptors
[41] as well as stimulatory effect on β2-adrenoreceptors in tracheal
smooth muscle were shown [42]. The relaxant effect of carvacrol on
airway smooth muscle (bronchodilatory effect) supports the results of
present study. The chest high resolution CT scans and pulse oximetry
were not carried out in the treatment with carvacrol and placebo groups
which should be examined in further studies. The treatment period of
the current study was chosen according to our previous study,

indicating a two months treatment with carvacrol revealed significant
therapeutic effects in asthmatic patients [37]. However, studying the
therapeutic effect of carvacrol in patients with lung disorder due to
exposure to SM for a longer treatment period is encouraged. The major
limitation of the present study is the numbers studied patients. In fact,
there are limited SM exposed patients available which some of them
suffer from severe respiratory disease and other complications due to
SM exposure. In addition, in this study more patients were recruited but
some of them declined to participate the study and some others did not
continue the study.

In conclusion, the results of the present study suggested the possible
therapeutic effect of carvacrol on lung disorders of SM exposed in-
dividuals by reduction of inflammatory cytokines and increased anti-
inflammatory cytokines and also improvement of PFT values including
MMEF, MEF25, MEF50 and MEF75.
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