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ABSTRACT

Objective: To explore the anti-inflammatory and antioxidant effects 
of caraway on atopic dermatitis (AD) in mice. 
Methods: AD was induced in two stages, including sensitization 
and challenge with the application of 2,4 dinitrochlorobenzene 2% 
and 0.2%, respectively. Clinical symptoms and histological analysis 
of the skin were assessed. The effects of caraway on oxidant/
antioxidant parameters as well as Th1- and Th2-related cytokines 
were also evaluated.
Results: Caraway reduced the severity of dermatitis in AD-
induced mice, as evidenced by significant inhibition of Th2-related 
cytokines (IL-4 and IL-13) and increased Th1-related cytokine 
(IFN-γ). Additionally, treatment with caraway significantly increased 
superoxide dismutase and catalase activity and decreased the 
malondialdehyde level in the serum of AD mice. Furthermore, 
caraway inhibited the differentiation of Th2 cells while favoring 
Th1 cell differentiation in the spleen via regulating their master 
transcription factors GATA3 and T-bet. 
Conclusions: Caraway could improve AD autoimmune responses 
and could be considered a potential candidate to treat AD disease.

KEYWORDS: Carum carvi L.; Caraway; Atopic dermatitis; 2,4 
dinitrochlorobenzene; Th2; Th1; Oxidative stress

1. Introduction

  Atopic dermatitis (AD), also referred to as atopic eczema, is a 

chronic inflammatory disease of the skin that disrupts the barrier 
function of the skin[1]. AD is characterized by skin dryness, rash, 
pruritus, a pattern of eczema, and a relapsing course, as well as a 
family medical history[2]. Although the disease involves people of 
any age, it affects 20% of children and develops in 80% of children 
in early childhood/before the age of 6[3]. The prevalence of AD is 
increasing in the world and it is estimated that AD affects about one-
fifth of all individuals in developed countries[4].
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Significance

Carum carvi L. or caraway, a medicinal plant, is widely used 
as an antioxidant and anti-inflammatory remedy in traditional 
medicine. However, the effect of caraway on autoimmune 
diseases such as atopic dermatitis has not been reported. In 
our research, caraway reduced the severity of dermatitis in 
atopic dermatitis-induced mice by downregulating Th2 and 
upregulating Th1 responses. These effects were associated with 
antioxidant activity of caraway.
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  Although the pathogenesis of AD is multifactorial, the research 
has revealed that aberrant autoreactive Th2 responses and their 
cytokines, IL-4 and IL-13, have a pivotal role in inflammation in 
AD[5,6]. Differentiation of naïve CD4+ T cells into Th2 depends 
on the expression of GATA3, a transcription factor for Th2 cell 
differentiation, which promotes Th2 cells for the secretion of 
IL-4 and IL-13[7]. It is well known that IL-4 and IL-13 decrease 
the expression of filaggrin, a component of the skin barrier, by 
keratinocytes, as well as, the expression of antimicrobial peptides in 
the skin[8]. It has been documented that, in addition to the increased 
number of autoimmune Th2 cells in the AD skin lesions, barrier 
dysfunction is also involved in the pathogenesis of skin allergic 
diseases such as AD[9].
  However, Th2 cell responses are not able to fully clarify 
the pathogenesis of AD. Recently, a number of studies have 
demonstrated that Th1 cells play an essential role in inflammatory 
and immune-mediated reactions in AD disease[10]. These cells are 
characterized by the transcription factor T-bet and the secretion of 
cytokines, including IFN-γ. Indeed, Th1 and IFN-γ have a pathologic 
role in the chronic phase of the disease, while Th2 and its related 
cytokines are involved in the early phase of the disease[11].
  In spite of intensive investigations, the treatment of AD is still 
unknown. Nowadays, immune suppressant drugs are approved for 
AD treatment; however, these medications are partially effective and 
limited due to side effects and also are ineffective in some patients. 
Therefore, there is increasing interest in developing non-toxic and 
harmless herbal medicine for AD treatment.
  Carum carvi L. (caraway) is a member of the Apiaceae family[12]. 
It has been used in traditional medicine to cure gastrointestinal 
disorders and also as a spice in foods. Caraway has also been known 
as an antioxidant and anti-inflammatory drug[13]. Anti-inflammatory 
effects of caraway have been documented in an animal model of 
colitis. In this colitis model, caraway extract decreased infiltration 
of leukocytes in the mucus of rats[14]. Additionally, the antioxidant 
effects of caraway have been documented in nephrotoxicity induced 
by gentamicin. The study showed caraway reduced DPPH radicals 
and malondialdehyde (MDA), and conversely increased catalase 
(CAT), superoxide dismutase (SOD), and glutathione peroxidase 
in animals[15]. Caraway has also been used in Indonesia for the 
treatment of inflamed eczema[16]. A topical ointment of caraway 
and caraway oil is also used for scabies and mycosis treatment[17]. 
According to the abovementioned properties of caraway,  this study 
aimed to assess the effect of caraway on clinical and pathological 
symptoms of AD in vivo.

2. Materials and methods

2.1. Reagents

  2,4 dinitrochlorobenzene (DNCB) was supplied by Sigma Aldrich; 

Merck KGaA (cat. no. 337339). TRIzol® was purchased from Roche 
Diagnostics GmbH, Mannheim, Germany. The cDNA synthesis 
kit (Takara Biotechnology, Otsu-Shiga, Japan) and the Real-Time 
SYBR Green kit (Prime mix EXTaq™, Takara Biotechnology, Otsu-
Shiga, Japan) were employed for Real-Time qPCR analysis.

2.2.  Experimental animals

  BALB/c mice (female, 5-6-weeks-old), free of specific pathogens, 
were purchased from the Pasteur Institute of Iran (Tehran). Animals 
were kept at 23-25 曟 with a (50±5)% relative humidity, and a 12 h 
light/dark cycle. A standard chow pellet diet and filtered tap water 
were given ad libitum. 

2.3. Plant preparation and hydro-alcoholic extraction

  Caraway seeds were collected at a high altitude from Kerman 
(Iran). The samples were identified and authenticated by a botanist 
at the Botany Research Division of Bahonar University of Kerman, 
Iran (Carum carvi number: 2767 MIR herbarium). The plant 
materials were dried and finely powdered. For hydro-alcoholic 
extraction, 100 g of powder was dissolved in ethanol-water (70/30, 
v/v). The solution was then placed on a shaker in the dark at room 
temperature for 72 h. The extract was filtered and evaporated under 
reduced pressure at 40 曟 using a rotary evaporator until only a 
semisolid extract remained. 

2.4. Study design

  After one week of acclimation, to randomize the treatment or 
control groups, we labeled each mouse at the beginning of the study, 
then used a table of random numbers to select among the labeled 
mice. Then the mice were divided into five groups (n=8) as follows: 
The first group (control) was treated with the vehicle without 
induction of AD. The second group (AD group) was AD induced 
and orally treated with phosphate-buffered saline (PBS, pH 7.4). 
For the treatment groups, caraway extract (CE) was administered at 
50, 100, or 200 mg CE/kg (low, intermediate, and high doses) every 
other day by gavage to mice in groups 3, 4, and 5, respectively. The 
doses were selected based on the findings of Keshavarz et al[14]. All 
animals in the study were treated from day 2 post-challenge until 
day 28. At the end of the experimental period (28 d), the mice were 
sacrificed according to animal ethics.

2.5. Induction of AD

  AD was induced in two stages: in the first stage (sensitization), 
the dorsal skin of each mouse was shaved and sensitized with the 
application of DNCB. On days 1 and 4, the skin was painted with 
100 μL of 2.0% DNCB in 4:1 (v/v) acetone/olive oil. In the second 
stage (challenge), the mice were challenged on days 7 and 11, by 
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application of 50 μL of 0.2% DNCB to the same areas[18] (Figure 1). 
  In the control and AD groups, the dorsal skin was painted with 
acetone/olive oil mixture [4:1 (v/v)] without or with DNCB in the 
same manner, respectively. In the treatment groups, AD was induced, 
and the mice were orally administered 50, 100, and 200 mg/kg of 
caraway in groups 3-5 for two weeks (day 14-28, Figure 1).

2.6. Evaluation of dermatitis severity score

  The severity of dorsal skin was measured macroscopically in a 
blinded manner. The severity of dermatitis was evaluated based 
on the following symptoms: 1) erythema/hemorrhage, 2) scaling/
dryness, 3) edema, and 4) excoriation/erosion. The clinical score 
of the AD-induced mice was graded as 0 (no symptoms), 1 (mild), 
2 (moderate), and 3 (severe)[19]. The clinical score was recorded 
once a week by three trained researchers with no knowledge of the 
grouping of the mice.

2.7. Histopathological analysis

  In order to analyze histopathological changes, on the 28th day after 
AD induction, the mice were anesthetized, and a tissue sample was 
taken from the skin of mice and fixed in 10% formalin. Then, the 
samples were embedded in paraffin, and tissue sections (5 microns 
thick) were prepared for histological analysis. The prepared slides 
were stained with hematoxylin and eosin (H&E) to assess leukocyte 
infiltration and the slides were assessed by evaluating three fields in 
a blinded manner. 

2.8. Enzyme-linked immunosorbent assay (ELISA) for 
quantification of cytokines and IgE

  To determine the effect of caraway on cytokines and IgE 
production, blood samples were collected at the end of the study 
by cardiac puncture. Sera were obtained from blood samples after 
centrifugation, and the levels of IgE, IL-4, IL-13, and IFN-γ were 
determined using mouse ELISA kits (eBioscience, San Diego, CA, 

USA), according to the manufacturer’s instructions. 

2.9. Measurement of oxidant and anti-oxidant activity of 
caraway

  The effect of caraway on the oxidant and antioxidant parameters 
was determined by evaluating the levels of MDA, SOD, and CAT in 
the serum of AD mice.
  To do this, blood samples were collected at the end of the study 
by cardiac puncture. Sera were obtained from blood samples 
after centrifugation and the levels of MDA, SOD, and CAT were 
determined using mouse ELISA commercial kits (eBioscience, San 
Diego, CA, USA), according to the manufacturer’s instructions.

2.10. Quantitative real-time PCR (qPCR) for mRNA 
expression of transcription factors and cytokines

  The effects of caraway on mRNA expression of Th transcription 
factors (T-bet and GATA3) and related cytokines (IL-4, IL-13, and 
IFN-γ) were determined by real-time PCR. The spleen cells were 
isolated from AD mice at the end of the study and total RNA was 
isolated using Trizol reagent (Roche Diagnostics GmbH, Mannheim, 
Germany), as per the manufacturer’s guideline. The RNA was 
reverse-transcribed to cDNA using the Prime-ScriptTMRT reagent 
kit (Takara Biotechnology, Otsu-Shiga, Japan) according to the 
manufacturer’s instructions. 
  Real-time PCR was performed on the Rotor-Gene Q (Qiagen 
Hilden, Germany) using Master Mix (Prime mix EXTaq™, Takara 
Biotechnology, Otsu-Shiga, Japan) with appropriate primer 
sequences that are depicted in Table 1. 
  The following reaction conditions were used for real-time PCR assay: 
initial denaturation and enzyme activation at 95 曟 for 5 min, 35 cycle 
amplification at 95 曟 for 45 s (denaturation), 60 曟 for 45 s (annealing), 
and 72 曟 for 45 s (extension). The expression of each gene was 
normalized to the expression of mouse β-actin, and then delta-delta Ct 
was used to calculate the relative quantification of genes.

Figure 1. Schematic time-course of atopic dermatitis (AD) induction and caraway treatment in mice. DNCB: 2,4 dinitrochlorobenzene.
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Table 1. The sequences of primers in the study.
Genes Sequences
IL-4 F 5′- TCACAGCAACGAAGAACACCAC-3′

R 5′- TCTGCAGCTCCATGAGAACACTA-3′
GATA3 F 5′- ACCACGTCCCGTCCTACTAC-3′

R 5′- TCATACCTGGCTCCCGTGG-3′
T-bet F 5′- CTTCCAACAATGTGACCCAGATGA-3′

R 5′- AAGACGTGTGTGTTAGAAGCACT -3′
IL-13 F 5′- ACATCACACAAGACCAGACTCC-3′

R 5′- ATTGGAGATGTTGGTCAGGGAA-3′
IFN-γ F 5′- ATTGCCAAGTTTGAGGTCAACAA-3′

R 5′- ATCTCTTCCCCACCCCGAAT-3′
β-actin F 5′- CACTGTCGAGTCGCGTCC-3′

R 5′- TCATCCATGGCGAACTGGTG-3′

2.11. Statistical analysis 

  The results of the analysis were expressed as mean±standard error 

of mean (SEM) by Graphpad Prism 5.0 (GraphPad Software, La 

Jolla, CA, USA). A comparison of each group was carried out by 

one-way analysis of variance (ANOVA) followed by Tukey’s post 
hoc test. P<0.05 was considered to be statistically significant.

2.12. Ethical statement

  The study was approved by the Animal Ethics Committee of 

Kerman University of Medical Sciences (IR.KMU.REC.1399.287).

3. Results 

3.1. Effects of caraway extract on skin symptoms in AD mice

  To investigate the therapeutic potential of caraway against AD skin 

lesions, the severity of dermatitis was evaluated based on a scoring 

index. As shown in Figure 2, severe AD skin symptoms developed 

in the AD group with a total dermatitis score of 8.10±0.92 compared 

to the control group (0.50±0.24, P<0.001). However, treatment with 

caraway improved the skin lesions. As shown in Figure 2, caraway 

treatment at a high dose significantly reduced the severity of 

dermatitis compared to the AD group (P<0.05). Treatment with low 

and intermediate doses of caraway slightly improved AD symptoms 

without significant differences compared with the AD group (Figure 

2).

3.2. Effects of caraway on the infiltration of inflammatory 
cells into the skin

  Figure 3 shows that the skin of AD mice showed a massive 

leukocyte infiltration with several foci of inflammation compared 

with the control. In contrast, in the skin of caraway-treated mice, 

the number of inflammatory cells was lower than that in AD mice. 

The findings revealed caraway leads to a reduction in infiltration of 

inflammatory cells into the skin and the caraway-treated mice only 

showed slight signs of inflammation, confirming that these mice 

are largely protected against AD (Figure 3). The results showed 

that caraway could reduce the clinical severity of AD as a result of 

reduced cell infiltration into the skin.

3.3. Effects of caraway on the serum levels of cytokines

  To evaluate the effect of caraway extract on Th responses, the 

serum levels of IL-4, IL-13, and IFN-γ were measured. As shown 

in Figures 4A and B, in the AD group, the secretion of IL-4, and 

IL-13 cytokines was significantly increased compared with the 

control group (P<0.01 for IL-4 and P<0.05 for IL-13), while 

the level of IFN-γ was decreased (P<0.01, Figure 4C). Caraway 

significantly reduced the level of IL-4 in a dose-dependent manner 

in comparison with AD mice (P<0.05, Figure 4A). There was also 

a statistically significant difference in the level of IL-4 between the 

treatment groups and the control (P<0.05, Figure 4A). In addition, 

in caraway-treated groups, the level of IL-13 was significantly 

decreased (P<0.05, Figure 4B) when compared with the AD group. 

In contrast, the level of IFN-γ was highly enhanced in the serum of 

mice treated with a high dose of caraway (P<0.01, Figure 4C). No 

significant differences were noted in IFN-γ production following 

caraway treatment at the doses of 50 and 100 mg/kg when compared 

with the AD group. These results indicate that caraway induces the 

suppression of Th2 response through the inhibition of IL-4 and IL-

13 production and promotion of Th1 responses.
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Figure 2. Effect of caraway on clinical scores of dorsal skin in AD-induced 
mice. Dermatitis score was evaluated based on erythema/hemorrhage, 
scaling/dryness, edema, and excoriation/erosion. Data are presented as 
mean±SEM of three independent experiments and analyzed by one-way 
ANOVA followed by Tukey’s post hoc test. *P<0.05 versus the AD group 
and ##P<0.01, ###P<0.001 versus the control group. AD: atopic dermatitis; 
AD+CEL: AD mice treated with 50 mg/kg caraway; AD+CEI: AD mice 
treated with 100 mg/kg caraway; AD+CEH: AD mice treated with 200 mg/kg 
caraway.
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3.4. Effects of caraway on the serum level of total IgE

  The AD group showed an elevated level of IgE, compared to the 
control group [(40.06±2.63) pg/mL versus (13.37±2.81) pg/mL, 
P<0.001, Figure 5]. Treatment with 50, 100, and 200 mg/kg of 
caraway led to a dose-dependent decrease in the level of IgE (Figure 
5). The decrease was most significant in the mice treated with 200 
mg/kg caraway [(14.66±1.95) pg/mL, P<0.01]. 

3.5. Effects of caraway on the level of oxidant and 
antioxidant parameters

  As shown in Table 2, in the AD group, the level of MDA was 
significantly increased compared with the control group (P<0.05), 
while the activity of SOD and CAT was significantly decreased 
(P<0.01 for SOD and P<0.05 for CAT). Caraway reduced the level 
of MDA at a dose of 100 mg/kg, but not in the doses of 50 and 200 
mg/kg. Moreover, increased SOD activity was observed in mice 
treated with 100 and 200 mg/kg of caraway (P<0.05 and P<0.01, 

      Control                                                           AD     

                                       AD+CEL                                                 AD+CEI                                                   AD+CEH

Figure 3. Effect of caraway on skin histology in AD mice. The skin from each mouse (collected on day 28) was fixed and embedded in paraffin. Sections (5-mm) 
were prepared and the tissues were then stained with H&E. The AD group shows severe inflammation and infiltration of immune cells into the skin compared 
to the control group. The caraway-treated groups dose-dependently reduce infiltration of inflammatory cells and signs of inflammation in the skin of mice. 
Magnification: ×20.
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Figure 4. Effects of caraway treatment on key cytokines of Th1 and Th2. (A) IL-4; (B) IL-13; (C) IFN-γ. Data are presented as mean±SEM of three 
independent experiments and analyzed by one-way ANOVA followed by Tukey's post hoc test. *P<0.05, **P<0.01 versus the AD group; #P<0.05, ##P<0.01 
versus the control group.
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respectively). Caraway at a high dose also markedly elevated the 
CAT activity (P<0.05, Table 2) with no significant differences found 
in the doses of 50 and 100 mg/kg.

Table 2. Effect of caraway extract on MDA level and SOD and catalase 
activities in the control and treatment groups.
Group MDA (nmol/L) SOD (U/mL)   Catalase (KU/L)
Control 1.25 ± 0.15 12.35 ± 1.49   51.28 ± 6.80
AD  1.83 ± 0.25#     3.30 ± 1.05##    31.76 ± 4.55#

AD+CEL 1.39 ± 0.19   4.81 ± 0.75#    32.80 ± 5.00#

AD+CEI  0.88 ± 0.18*    7.20 ± 1.20*#    30.05 ± 5.50#

AD+CEH 1.04 ± 0.20    9.70 ± 1.60**    48.30 ± 6.20*

Values are given as mean±SEM and analyzed by one-way ANOVA followed 
by Tukey's post hoc test. MDA: malondialdehyde; SOD: superoxide 
dismutase. *P<0.05, **P<0.01 versus the AD group. #P<0.05, ##P<0.01 versus 
the control group.
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Figure 5. Effects of caraway treatment on the serum level of total IgE. Data 
are presented as mean±SEM and analyzed by one-way ANOVA followed 
by Tukey’s post hoc test. *P<0.05, **P<0.01 versus the AD group; ##P<0.01, 
###P<0.001 versus the control group.

3.6. Effects of caraway extract on the polarization of Th1 and 
Th2 responses in AD mice

  To evaluate the therapeutic potential of caraway on the polarization 
of Th1 and Th2 responses, real-time PCR was performed. The AD 
group showed elevated expression of GATA3 and reduced expression 
of T-bet in the spleen compared with the control mice (P<0.05, 
Figures 6A and B). However, caraway reversed the AD-induced 
changes in the expression of GATA3 and T-bet (P<0.05). 
  Furthermore, treatment with caraway resulted in reduced 
expression of both IL-4 and IL-13 (Th2 signature cytokines) in a 
dose-dependent manner (Figures 6C and D), as well as increased the 
expression of IFN-γ (P<0.01, Figure 6E). As a result, caraway has a 
protective effect in the treatment of AD disease by suppressing Th2 
cells and upregulating Th1 cells. 

4. Discussion

  The most important feature of AD is chronic skin inflammation, 
which is associated with barrier dysfunction of the skin[20]. Th2 and 
Th1 cells, as well as their signature cytokines (IL-4 and IL-13 for 
Th2, and IFN-γ for Th1), have a pivotal role in AD disease[21]. IL-4 
and IL-13 can induce B cells to produce IgE, which in turn stimulates 
mast cells and eosinophils and induces a pro-inflammatory response, 
while Th1 cells, directly or indirectly, decrease inflammatory 
activities by inhibiting the Th2 responses[22]. Studies have shown 
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Figure 6. Effects of caraway on the expression of Th1 and Th2 transcription factors and related cytokines. The expressions of Th1 and Th2 transcription factors 
(T-bet and GATA3) and related cytokines (IFN-γ, IL-4, and IL-13) were determined by real-time quantitative PCR. β-actin was used as the housekeeping 
gene. Data are presented as mean±SEM of three independent experiments and analyzed by one-way ANOVA followed by Tukey's post hoc test. *P<0.05, 
**P<0.01 and ***P<0.001 versus the AD group; #P<0.05, ##P<0.01 versus the control group.
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that herbal medicine using plants with immunomodulatory and 
antioxidant potentials can modulate inflammatory diseases such as 
AD[23].
  Caraway is a herbal medicine used for gastrointestinal disorders 
and pneumonia treatment in traditional medicine, and also as an 
appetizer and carminative in foods and beverages[24]. The results of 
this study demonstrated that caraway reduced the severity of skin 
lesions in AD mice. These changes were confirmed with reductions 
in the infiltration of inflammatory cells into the skin of mice treated 
with caraway. Such an outcome was consistent with the histological 
results of the study by Keshavarz et al. which reported that caraway 
decreased inflammation indicators, including inflammation extent 
and intensity, and damage to crypts in the colons of rats[14].
  Moreover, in an animal model of paw inflammation, Seddighfar 
et al. reported caraway significantly alleviated paw edema in acute 
inflammation[25]. Similarly, the current results are in line with 
earlier studies which reported that caraway decreased inflammatory 
mediators, including prostaglandin E2, cyclooxygenase-2, caspase-3 
and IL-1β in an experimental model of chronic inflammatory bowel 
disease[26].
  In addition, it is well established that caraway has antioxidant 
activity[27]. Studies have shown that there is a relationship between 
oxidative stress and reactive oxygen species (ROS) production in the 
pathogenesis of AD. These researches have revealed that oxidative 
stress is associated with increased lipid peroxidation products (e.g., 
MDA) and reduction in antioxidant production in AD patients[28,29]. 
  In the present research, the enhanced levels of MDA in AD mice 
demonstrated the presence of oxidative stress and enhanced ROS 
generation. In contrast, caraway reduced the levels of MDA in 
AD mice. This result is in agreement with the study of Dadkhah 
et al. which demonstrated that treatment of septic-induced rats 
with caraway oil caused a significant decrease in MDA level[30]. 
In animal models of ulcerative colitis and peptic ulcer, caraway 
administration resulted in a marked reduction of MDA, compared 
to the control group[31]. Additionally, Koppula et al. also indicated 
anti-stress activity of caraway in the stress-induced rat[32]. Therefore, 
modulation of MDA production by caraway might be essential to 
inhibit the pathogenesis of AD disease. 
  To assess the antioxidant activity of caraway, the research also 
evaluated SOD and CAT activity in mice treated with caraway. 
There is a well-known fact that ROS, such as superoxide anion (O2

−), 
play essential roles in the pathogenesis of many diseases, including 
atherosclerosis[33], multiple sclerosis[34], Alzheimer’s disease[35] 

as well as AD[36]. SOD, as an antioxidant enzyme, can convert 
superoxide anion to oxygen and hydrogen peroxide. Hydrogen 
peroxide is also known as a cell-damaging agent, which, in turn, is 
broken down into water by CAT[37]. Thus, SOD and CAT prevent 
oxidative stress in our bodies.
  In the current study, caraway elevated SOD and CAT activity, 
especially at a high dose. In parallel with our results, previous studies 
indicated that caraway could promote SOD and CAT activity in in 

vivo models. Kamaleeswari et al. found that caraway significantly 
increased the level of SOD and CAT in the animal model of colon 
carcinogenesis, which was associated with an improvement in 
pathological lesions in the colon of rats[38]. Erjaee et al. have 
also reported that treatment with caraway led to an increase in 
antioxidant enzymes such as SOD and CAT in gentamicin-induced 
nephrotoxicity in an animal model[15].
  Moreover, the antioxidant effect of Carum copticum, which has 
compounds similar to caraway, was studied by Alavinezhad et 
al. in collagen-induced arthritis. They showed that treatment of 
rats with Carum copticum significantly reduced the level of nitric 
oxide and elevated SOD activity[39]. As caraway (Carum carvi) and 
Carum copticum belong to the Apiaceae family and have similar 
components, it can be assumed that the antioxidant activity of 
caraway may be due to its main components, including monoterpene 
alcohols, linalool, carvacrol, carvone, and flavonoids. But it needs to 
be further verified in future studies.
  On the other hand, the pathogenesis of AD is due to defects in 
immune cells and the polarization of the cells towards the Th2 
response. The researchers have revealed that, in addition to the 
deviation of immune system towards Th2 cells, the increased 
numbers and malfunctioning of Th2 cells are involved in the 
immunopathogenesis of the disease[40]. Moreover, IL-4 and IL-13, as 
the main Th2 cytokines, play a crucial role in disrupting skin barrier 
function and promoting the autoimmune AD disease[41].
  The results demonstrated that caraway decreases IL-4 and IL-
13 secretion by Th2 cells while increasing IFN-γ production by 
Th1 cells. Our study also showed decreased GATA3 expression in 
caraway-treated mice; hence, caraway can inhibit the production of 
Th2 cytokines through downregulation of GATA3 and subsequently 
reduce Th differentiation to a Th2 subset.
  Previous investigations demonstrated that polarization of naïve Th 
cells towards Th2 leads to aggravation of dermatitis[42]. Therefore, 
any drugs that leads to a reduction in the number and function of Th2 
cells might be considered as a potential candidate in the treatment of 
AD.
  In addition, the possible mechanism involved in AD disease is the 
expression of T-bet, a transcription factor for Th1 differentiation. Our 
results indicated that caraway improved AD disease by significantly 
enhancing the expression of T-bet and IFN-γ. These results are in 
agreement with the studies of other researchers which found that 
Th2 responses aggravate AD disease, while Th1 responses result in 
improvement in pathological symptoms of the disease[43].
  In addition to T cells, B cells also play a role in the pathogenesis 
of AD through IgE synthesis,  and in turn, the production of IgE 
is indirectly dependent on Th2 responses[44]. In the present study, 
the AD group markedly increased the level of IgE compared to the 
control group, while treatment with caraway ameliorated the effect 
of DNCB by significantly reducing the level of IgE in AD-induced 
mice. 
  So far, very few studies have been performed on the effect of 
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caraway on the level of IgE in inflammatory diseases, but the study 
by Moubarz et al., demonstrated that caraway attenuated diabetic 
complications in streptozotocin-induced diabetic rats and this 
protection was associated with reduced IgE production[45]. Several 
studies have shown that an increased level of IgE in patients with 
atopic dermatitis, and psoriasis, was associated with increased 
number of Th2 cells[46,47].
  It is well documented that IL-4 is the most important cytokine to 
induce isotype switching to IgE by activated B cells[48]. According to 
the results, it can be concluded that the effect of caraway on the level 
of IgE is indirect via IL-4 and IL-13 production by Th2 cells. 
  In summary, the current research showed that caraway treatment 
effectively ameliorated the clinical and pathological symptoms of AD 
mice. Our findings also indicated caraway increased the expression 
of T-bet and decreased the expression of GATA3, demonstrating the 
immunomodulatory mechanisms of the drug. Although the present 
research showed that caraway could alleviate AD mainly through 
anti-oxidative and anti-inflammatory activity, further study should be 
carried out to investigate the active ingredient of caraway.
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