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Atopic dermatitis is a chronic skin condition characterized by impaired barrier function and underlying 
inflammation. Monoterpenes, a diverse class of secondary metabolites commonly found in essential 
oils, have been extensively documented for their potent anti-inflammatory properties. Therefore, 
this study evaluated the effects of gamma-terpinene (GT) on dinitrochlorobenzene (DNCB)-induced 
atopic dermatitis in a murine model. Macroscopic and histopathological analyses were conducted 
to assess skin lesions and ear edema, along with the assessment of serum immunoglobulin E (IgE), 
lactate dehydrogenase (LDH), and inflammatory cytokines (IL-4, IL-6, IL-1β, and TNF-α) in skin 
tissues. Histopathological analysis revealed a reduction in skin thickness, spongiosis, inflammatory 
cell infiltration, along with the presence of blisters and vesicles in both the epidermis and dermis. 
Additionally, cellular disarrangement and dermal fibrosis were observed. GT significantly decreased 
ear edema, serum IgE, and LDH levels, along with the expression of tissue IL-4, IL-6, IL-1β, and 
TNF-α. Therefore, the potential anti-inflammatory response induced by GT in atopic dermatitis 
suggests its potential for the development of GT-based therapies for chronic inflammatory skin 
disorders. 

Keywords: Cytokines. Dermatological. Dinitrochlorobenzene. Monoterpenes. Skin pharmacology.

INTRODUCTION AD is characterized by immune dysregulation, 
evidenced by elevated serum immunoglobulin E (IgE) 
levels and infiltration of immune cells, predominantly T 
helper (Th) cells, leading to increased IgE production. 
This is attributed to an imbalance between Th1 and Th2 
cell populations, with a predominance of cytokines such 
as IL-4 and IL-13 (Weidinger et al., 2018). Patients 
with AD experience a significant decline in quality of 
life, with effects on both physical and psychosocial 
well-being. These may include depression, anxiety, 
sleep disturbances, reduced productivity at work, 
and impairment in daily activities (Gochnauer et al., 
2017). AD pathogenesis remains poorly understood. 
However, AD is associated with a compromised skin 
barrier, resulting in increased transepidermal water loss 
and subsequent cutaneous dehydration. This process 
triggers an inflammatory response characterized by the 
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Atopic dermatitis (AD) is a chronic and relapsing 
inflammatory skin disorder characterized by impaired 
skin barrier function. It is one of the most prevalent 
allergic diseases, affecting approximately 10–30% 
of the global population, with a higher incidence in 
children (Ku et al., 2017). Clinical symptoms include 
impaired skin barrier, erythema, edema, dryness, urlers 
and itching, all of which significantly affect the patient's 
quality of life and interfere with daily activities such as 
work, study, and sleep (Kang et al., 2021). Additionally, 
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production of various cytokines, including interleukins, 
interferon-γ, tumor necrosis factor-α, and thymic stromal 
lymphopoietin (Damiani et al., 2019). When exposed to 
external stimuli, such as allergens and chemicals, the 
skin responds by activating specific receptors on sensory 
fibers, including protease-activated receptors (PAR) 
and MAS-related G protein–coupled receptors (Mrgpr). 
This activation increases calcium influx and triggers 
the release of neuropeptides from the skin, which have 
pro-inflammatory effects, such as vasodilation, plasma 
leakage, and leukocyte infiltration (Legat, 2021). Skin 
neuropeptides, such as substance P (SP), play a role 
in the pathogenesis of various skin diseases, including 
AD. Substance P (SP) can be released by nerve fibers, 
mast cells, monocytes, keratinocytes, and eosinophils, 
where it activates the neurokinin-1 receptor (NK1-R) on 
mast cells, triggering degranulation and the release of 
inflammatory mediators, including TNF-α, leukotriene 
B4 (LTB4), IL-1α, IL-1β, nerve growth factor (NGF), 
IL-6, prostaglandins, and histamine. These mediators 
contribute to vasodilation, plasma extravasation, and 
increased skin inflammation (Hosokawa, Takeuchi, 
Furue, 2009). The first line of treatment targets the 
skin and includes routine care, such as the use of 
emollients and topical therapies. Topical corticosteroids 
are commonly used to reduce inflammation; however, 
they are associated with local side effects, including 
skin atrophy, hypopigmentation, hypertrichosis, 
telangiectasia, rosacea, perioral dermatitis, purpura, 
impaired wound healing, and exacerbation of skin 
infections, acne, and stretch marks (Coondoo et al., 
2014).

Systemic treatments for atopic dermatitis (AD) 
include immunosuppressants and oral corticosteroids. 
The most effective immunosuppressants for AD 
management are cyclosporine, azathioprine, 
mycophenolate mofetil, and methotrexate. However, 
their use should generally be restricted to a duration 
of approximately six months due to potential adverse 
effects. Additionally, renal and hepatic function 
should be carefully monitored to mitigate the risk 
of toxicity (Silverberg, 2017). Over the past decade, 

significant advances have been made in elucidating the 
molecular mechanisms underlying atopic dermatitis 
(AD), facilitating the development of novel targeted 
therapeutic strategies for disease management. The 
Food and Drug Administration recently approved Janus 
kinase inhibitors (JAKis) for adults with moderate 
to severe and refractory AD who do not respond 
adequately to other systemic treatments. These drugs 
represent a novel therapeutic approach and may provide 
an alternative treatment option for patients dependent 
on conventional immunosuppressants. However, the 
efficacy of these emerging pharmacological strategies 
must be carefully evaluated in light of the potential 
adverse effects observed in clinical trials (Rick et al., 
2023). Consequently, there is a pressing need to explore 
therapeutic options for atopic dermatitis that offer both 
safety and efficacy while minimizing adverse effects.

Monoterpenes constitute about 90% of chemical 
composition of essential oils. These compounds exhibit 
a diversity of chemical structure and pharmacological 
activities, such as: antioxidant, anti-inflammatory, 
analgesic, antimicrobial, and antifungal (Dehsheikh 
et al., 2020). Gamma-terpinene (GT) (1-isopropyl-4-
methyl-1,4-cyclohexadiene), with molecular formula 
C10H16,  is a major monoterpene found in the essential 
oils of several plant species. GT exhibits a range of 
biological activities, including anti-inflammatory and 
antinociceptive properties, as observed in Bunium 
persicum (Boiss) (Hajhashemi, Sajjadi, & Zomorodkia, 
2011). Similarly, the essential oil of Chamaecyparis 
obtusa (Siebold & Zucc.) was reported to inhibit the 
development of DNCB-induced AD-like lesions in 
BALB/c mice by suppressing the overproduction of 
serum IgE and Th1/Th2 cytokines (Joo et al., 2010). 
Interestingly, Ramalho et al. (2015) demonstrated that 
GT reduces inflammatory parameters, including the 
production of pro-inflammatory cytokines (TNF-α and 
IL-1β), as well as neutrophil migration in a carrageenan-
induced peritonitis model. Subsequently, the same 
group reported that GT inhibited the production of IL-
1β and IL-6 in LPS-stimulated macrophages, further 
supporting its anti-inflammatory properties (Ramalho 
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et al., 2016). Regarding the toxicity of GT, a previous 
study demonstrated that rats orally administered GT 
at doses up to 2 g/kg exhibited no apparent signs of 
toxicity after 14 days of observation (Passos et al., 
2015), indicating that GT is safe and non-toxic at this 
dose. Recently, Souza et al. (2024) demonstrated that 
GT exhibits low toxicity on endothelial (L-929 (CC50 
= 333.3 µM)) and fibroblast SVEC 4-10 (CC50 = 366.7 
µM) cells. Consistent with existing literature, it is 
suggested that GT is safe and may contribute positively 
to the development of new drugs due to its favorable 
safety profile. Moreover, these findings indicate that GT 
exhibits potent anti-inflammatory properties, making it 
a promising natural therapeutic option for AD.

Given the lack of studies on GT in the context of 
atopic dermatitis (AD) and the need for more effective, 
economically viable treatments with fewer adverse 
effects, this study aimed to evaluate the effects of GT 
in a DNCB-induced AD model in mice and explore its 
underlying mechanisms. Additionally, the effects of GT 
during both the acute and chronic phases of AD were 
compared to those of dexamethasone, a commonly used 
steroidal anti-inflammatory drug (Lugović-Mihić et al., 
2023)

MATERIAL AND METHODS

Obtaining the GT

GT was purchased from Sigma-Aldrich (Merck 
KGaA, Darmstadt, Germany). The doses of 100 and 
200 mg/kg of the GT were used based on a study by 
Ramalho et al. (2015). GT was mixed with in 2% 
Tween 80 in 0.9% NaCl (10 mL/kg) and the treatment 
was performed orally (v.o.).

Animals

Male Swiss mice (Mus musculus), weighing 25-
30 g, were divided into 5 groups of 8 animals (n=40) 
and obtained from the Experimental Animal Facility of 
the Medicinal Plants Research Centre (NPPM) at the 

Federal University of Piauí (UFPI). The mice were kept 
at 24 ± 1°C with a 12-hour light/dark cycle and access 
to water and food was provided ad libitum. Euthanasia 
procedures were performed using an overdose of 
anaesthetic (thiopental sodium, 150 mg/kg and 
lidocaine 10 mg/kg, intraperitoneally). All experimental 
protocols were submitted to and approved by the Ethics 
Committee on Animal Experimentation (CEUA) of 
the Federal University of Piauí (Teresina, Brazil) on 
November 9, 2018, approval number 517/2018. This 
study adheres to the ARRIVE Guidelines for reporting 
animal research.

Induction of atopic dermatitis by DNCB

AD was induced by dinitrochlorobenzene (DNCB) 
as previously described (Park et al., 2014).  Initially, 
the dorsal skin of animals was shaved under anesthesia 
(i.p.) with ketamine (100 mg/kg) and xylazine (10 
mg/kg), 200 μL of 0.5% DNCB (acetone/oil (Gallo® 
olive oil) in a 3:1 ratio) was applied during the first 3 
experimental days for sensitization. On days 14, 17, 20, 
23, 26, and 29, AD was induced by applying 1% DNCB 
(acetone/oil in a 3:1 ratio) on the dorsal skin (200 μL) 
and right ear (20 μL) of the animals.

The animals were distributed into different 
treatment groups; Group I (SHAM group) was 
treated with the vehicle (acetone/oil in a 3:1) and 
saline; group II (negative control) was sensitized with 
dinitrochlorobenzene (DNCB) and treated with saline; 
animals of groups III (GT group 100 mg/kg + DNCB) 
and IV (GT group 200 mg/kg + DNCB) were sensitized 
with DNCB and treated with GT at doses of 100 and 
200 mg/kg, respectively; and group V (dexamethasone 
(used as a positive control)  + DNCB group) was 
sensitized with DNCB and treated with dexamethasone 
(3mg/kg).

Treatments were administered daily via oral gavage 
from days 14 to 29. On 30 th day of the experimental 
protocol several analyses were performed, including, 
macroscopic analysis of skin lesions, histological 
analysis of inflammatory cell infiltration, evaluation of 
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DNCB-induced ear edema, measurement of serum levels 
of immunoglobulin E (IgE) and lactate dehydrogenase 
(LDH), and determination of tissue cytokine levels 
(TNF-α, IL-1β, IL-4, and IL-6).

The detailed scheme of the AD induction protocol 
is illustrated in Figure 1.

FIGURE 1 - The time regimen for the induction of atopic dermatitis (AD) in mice using 2,4-dinitrochlorobenzene (DNCB) was as follows: 

DNCB sensitization or treatment with vehicle (acetone/oil (Gallo® olive oil) in a 3:1 ratio) was applied topically to the dorsal skin and behind 

the right ear. Animals taken out of the experiment on day 13. GT or dexamethasone were administered orally every day starting from day 14 

through day 29. Mices were euthanized on the 30th day of experimental protocol.

Assessment of the severity of skin lesions

On day 30, the severity of dermatitis on the dorsal 
skin was evaluated based on four indicators of skin 
lesions, which were described as follows: (1) erythema/
hemorrhage, (2) edema, (3) excoria-tion/erosion, and 
(4) desquamation/resection. The above symptoms were 
rated as follows: 0 (no symptoms), 1 (mild), 2 (moderate) 
and 3 (severe) and the sum of the scores used to analyze 
the severity of the lesions (Park et al., 2014).

Histological analysis

Histopathological analysis was performed for 
the sham, saline, GT 100 mg/kg, GT 200 mg/kg and 
dexamethasone 3 mg/kg groups. Briefl y, skin samples 
were collected, processed, and stained with hematoxylin 
and eosin for evaluation.  Histological parameters 

used to evaluate the samples included shin thickness 
and characteristic of cells (keratinocytes), presence 
of edema and infl ammatory cells in the epidermis, 
while in the dermis, fi brosis, sebaceous glands, and 
hair follicles were observed, along with aggregates of 
infl ammatory cells within the dermal papillae. These 
parameters were evaluated and classifi ed as absent, 
mild (small aggregates in a small proportion of less than 
30% of the microscopic fi elds using a magnifi cation of 
400×), moderate (aggregates observed in 30-60% of 
the microscopic fi elds observed at 400× magnifi cation) 
or intense (aggregates seen in more than 60% of the 
microscopic fi elds observed at ×400 magnifi cation).

DNCB-induced ear edema

DNCB-induced ear edema is an experimental 
model used to study the pathogenesis of contact 
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levels according to the manufacturer's instructions. The 
capture antibodies were diluted in PBS and the other 
antibodies, substrates and samples were diluted in 
phosphate buffer supplemented with BSA 1% (PBS pH 
7.4 + Bovine Serum Albumin. For a concentration of 
10 mM, the following were added: 9.5 g of BSA, 8.38 
g of sodium chloride, 0.21 g of potassium phosphate 
(monobasic), 1.20 g of sodium phosphate (dibasic), 
0.21 g of potassium chloride, and 1 L of distilled water. 
The constituents were added then to distilled water 
and stirred until a homogeneous solution was formed. 
The pH of the mixture was verified using a pH meter 
and adjusted to 7.4. Tissue from the skin lesions was 
homogenized at 10% (i.e., 1 mL of buffer per 100 mg 
of tissue), and the homogenate was prepared in ice-cold 
buffer mentioned above.

 The plates were washed three times with washing 
solution (PBS pH 7.4 + 0.05% Tween 20) at each step. 
For the ELISA analysis, each well of the plate was 
coated with the optimal concentration of the capture 
antibody by overnight incubation (room temperature 
25±5 ºC). After blocking with BSA for 1 h, followed 
by washing, samples and standards (in triplicate) were 
added to the wells and incubated for 2 hours. After 
washing, the biotinylated detection antibody was added 
and incubated for 2 h. After incubation and washing, 
streptavidin was added and incubated for 20 minutes 
(followed by washing). Chromogenic substrate TMB 
+ H2O2 (tetramethylbenzidine + hydrogen peroxide) 
was added and incubated for 20 minutes at room 
temperature, protected from light. Then, 100 μL of the 
stop solution (1M H2SO4) was added to each well and 
the absorbance was measured at 450 nm using microplate 
spectrophotometer and the data were calculated from 
the curve of the standards in serial concentration and 
results were expressed in pg/mL.

Statistical analysis

All date were expressed as mean ± standard 
deviation (SD) and were submitted to one-way analysis 
of variance, and post hoc Tukey's multiple comparison 

dermatitis. In this model, the DNCB sensitization of 
animals' ears produces ear edema accompanied by 
significant infiltration of inflammatory cells in the 
dermis, including mast cells and eosinophils, thereby 
characterizing the histopathological features of atopic 
dermatitis (Fujii et al., 2009). Furthermore, the presence 
of pro-inflammatory cytokines and IgE production 
contributes to increased skin thickness and exacerbates 
the deterioration of skin tissue observed in atopic 
dermatitis.
On the 30th day, after euthanasia, the ears were excised 
according to the method outlined by Park et al. (2014). 
Edema was assessed by measuring the weight difference 
between the ears and expressed in milligrams (mg).

Determination of serum Immunoglobulin E (IgE) levels

Blood samples were collected from the orbital 
plexus of the animals and centrifuged at 3,500 rpm for 
10 minutes. Serum total IgE levels were determined 
using the IgE Turbiquest® system, which operates on 
the principle of immunoturbidimetry, in an automatic 
analyzer (VITROS 4600). The measurement was 
expressed in U/L and performed according to the 
manufacturer's instructions.

Measurement of serum lactate dehydrogenase (LDH) 
levels

For LDH measurement, blood samples were 
collected from the retro-orbital plexus of the animals 
and centrifuged at 3,500 rpm for 10 minutes. Analysis 
was performed using a chemical method with Vitros 
Chemistry Products LDH Slides in an automatic 
analyzer (VITROS 4600). Serum LDH levels were 
measured in U/L
Determination of tissue levels of TNF-α, IL-1β, IL-4 
and IL-6 by ELISA

The enzyme immunoassay was performed 
using 100 μL of each reaction component at room 
temperature, 25±5°C. The standard kit (R&D Systems, 
Inc.) was used to evaluate IL-4, IL-6, IL-1β, and TNF-α 
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FIGURE 2 - Effect of GT on the clinical characteristics of DNCB-induced skin lesions. Effect of GT (100 mg/kg and 200 mg/kg, po) and 

dexamethasone (3 mg/kg, po) on the clinical characteristics of skin lesions induced by DNCB in mice (n =8), 30th day of experimental 

protocol. Section A - Sham group: Received only the vehicle on the dorsal skin (acetone/olive oil, 3:1) and oral treatment with saline solution; 

Section B - Vehicle group: Received DNCB on the dorsal skin and oral treatment with saline solution; Section C – GT treated group (100 mg/

kg, v.o.); (D) GT treated group (200 mg/kg, v.o.); (E) Dexamethasone treated group (3 mg/kg, v.o.).

tests. Macroscopic analysis (severity of skin lesions 
induced by DNCB) was performed using the Kruskal-
Wallis’ test. Differences were considered statistically 
signifi cant for p<0.05. Statistical analyses were 
performed using the GraphPad Prism® 6.0 software (La 
Jolla, CA, USA).

RESULTS

Eff ect of GT on the severity of DNCB-induced skin 
lesions

All mice sensitized with DNCB developed AD, 
with lesion formation on the dorsal region where the 
inducting agent was administered (Figure 2). The 

vehicle group (9.4±0.71) (Figure 2B) showed higher 
lesion expression because it did not receive treatment 
after AD induction and demonstrated signifi cantly 
higher skin lesion severity when compared with the 
Sham group (Figure 2A) (0.2±0.25). Oral treatment with 
GT at doses of 100 mg/kg (3.4±0.62) and 200 mg/kg 
(4.1±0.48) (Figures 2C and 2D, respectively) reduced 
the severity of DNCB-induced skin lesions. Animals 
treated with dexamethasone (3 mg/kg) (postive control) 
showed signifi cant decrease in the severity of lesions 
compared to vehicle group (3.6±0.68). Conversely, no 
notable difference was observed in the GT groups and 
dexamethasone group (positive control) (Figure 2E and 
Figure 3). 
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FIGURE 3 - Effect of GT on the severity of skin lesions in DNCB-induced AD in mice. Effect of GT on the severity of skin lesions induced 

by DNCB in mice (n=8), 30th day of experimental protocol. Animals were treated (v.o.) with vehicle (saline), GT (100 and 200 mg/kg), or 

dexamethasone (dexa 3 mg/kg). Values are expressed as mean ± SD of injury severity scores. *p<0.05 vs Saline (DNCB), #p<0.05 vs Sham 

(ANOVA, Kruskal-Wallis).

Effect of GT on histopathological parameters of DNCB-
induced skin lesions

To evaluate the effect of GT treatment on AD, 
histological analysis using hematoxylin and eosin (HE) 
staining was performed using skin tissue to identify 
differences in physiological structures. A thin skin was 
observed, with two layers of keratinocytes, dermis with 
fibroblasts without inflammatory infiltrate, presence 
of sebaceous glands and hair in the naïve animals 
(Sham) (Figure 4A). The animals in the vehicle group 
(Figure 4B) exhibited thickened skin with spongiosis 
(intercellular edema) and increased keratinization, 
along with cellular disarrangement in the epidermis. 
Vesicle and blister formation were observed in both the 
epidermis and dermis (dermal papillae), accompanied 
by degenerating keratinocytes and infiltration of 

lymphocytes and neutrophils, eosinophils coupled with 
dermal fibrosis demonstrating the development of an 
inflammatory process after sensitization with DNCB. 

Animals treated with 100 mg/kg of GT (Figure 4C) 
showed thinner skin with thickening of the keratinized 
layer, the presence of intracellular blisters in isolated 
areas of the epidermis and dermis, and minimal 
inflammatory cell infiltration. Animals treated with 
200 mg/kg of GT (Figure 4D) displayed the thinnest 
skin, with thickening confined to the keratinized layer, 
the presence of fibers in the dermal layer, and isolated 
inflammatory cells. Animals treated with dexamethasone 
(3 mg/kg) (Figure 4E) showed thin skin, an epidermis 
with rare blisters in some cells, and the presence of 
neutrophils and lymphocytes in scattered areas of the 
basal layer, with a preserved dermis.
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FIGURE 4 - Histological analysis of DNCB-induced skin lesions. Effect of GT (100mg/kg and 200mg/kg, po) and dexamethasone (3mg/kg, 

po) on skin lesions induced by DNCB (acetone/olive oil 3:1) in mice (n=8), 30th day of experimental protocol. Sham group: Received only 

the vehicle on the dorsal skin and oral treatment with saline solution (A); Vehicle group: Received DNCB on the dorsal skin and oral treatment 

with saline solution (B); Received DNCB on the dorsal skin and oral treatment with GT (100 mg/kg) (C); Received DNCB on the dorsal skin 

and oral treatment with GT (200 mg/kg) (D); Received DNCB on the dorsal skin and oral treatment with dexamethasone (3mg/kg) (E). Tissues 

were stained with hematoxylin and eosin and images were captured using a 40X objective lens. Yellow arrows indicate the epidermal layer. 

Ear edema

Topical application of DNCB on the ear of animals 
in vehicle group (78.8±5.39) promoted a marked 
increase of edema when compared with animals 
from Sham group (12.2±4.50). Edema formation 
significantly decreased with oral treatment of GT at 

100 mg/kg (44.6±7.89), and 200 mg/kg (44.0±8.22) 
when compared with vehicle group. Treatment with 
dexamethasone (3 mg/kg) also significantly reduced 
edema formation (30.1±5.12) and no differences were 
observed compared with the animals treated with GT 
(100 or 200 mg/kg) (Figure 5).
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FIGURE 5 - Effect of GT on DNCB-induced ear edema. Effect of GT on DNCB-induced ear edema in mice (n=8), 30th day of the experimental 

protocol. Animals were treated (v.o.) with vehicle (saline), GT (100 and 200 mg/kg), or dexamethasone (dexa 3 mg/kg). Results are expressed 

as mean ± SD of ear mass (mg) on the 30th day of the experimental protocol. *p<0.05 vs Saline (DNCB), #p<0.05 vs. Sham (one-way ANOVA 

and Tukey’s post-test). 

Total serial Immunoglobulin E (IgE)

The animals in the vehicle group (59.6±1.62) 
exhibited high levels of IgE when compared to the 
animals in the Sham group (34.2±3.07). Mice treated 
with GT (100 and 200 mg/kg) showed significantly 
reduced serum IgE levels (45.2±2.10 and 48.8 ±3.46, 
respectively) compared with the vehicle group. 
Dexamethasone (3 mg/kg) significantly decreased the 
serum IgE level (47.9±1.93). Moreover, no statistically 
significant differences were observed between the GT 
(100 or 200 mg/kg) and dexamethasone groups (Figure 
6A).

Serum Lactate Dehydrogenase (LDH)

Animals of vehicle group displayed high LDH 
serum levels (2214.0±147.56) when compared to 
animals of Sham group (398.2±18.60). GT at 200 
mg/kg markedly decreased the serum LDH levels 
(750.8±26.57) when compared with the vehicle group. 
The same was observed with the dexamethasone 
(3 mg/kg) group (762.0±41.50), which showed 
significant reduction in serum LDH. The 100 mg/kg 
dose (2393.0±65.96) did not alter serum LDH levels 
compared to the vehicle group. No significant difference 
in LDH levels was observed between the GT (200 mg/
kg) and dexamethasone (3 mg/kg) groups. (Figure 6B).
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FIGURE 6 - Effect of GT on serum total IgE levels (A) and LDH levels (B) in DNCB-induced AD in mice. Effect of GT on serum total IgE 

levels in mice (n=7-8) with AD induced by DNCB, 30th day of the experimental protocol. Animals were treated (v.o.) with vehicle (saline), GT 

(GT 100 mg/kg and GT 200 mg/kg) and dexamethasone (dexa 3 mg/kg). Values are expressed as mean ± SD of serum total IgE levels. *p<0.05 

vs Saline (DNCB), #p<0.05 vs Sham (one way ANOVA and Tukey post-test).

Levels of IL-1β, IL-4, IL-6 and TNF-α in homogenate 
cutaneous lesions

DNCB treatment induced increase tissue levels of 
TNF-α in animals of vehicle group (763.9±83.77) when 
compared to Sham group (290.8±14.43). Mice treated 
with GT at doses of 100 or 200 mg/kg (208.4±37.35 
and 287.4±59.08, respectively) exhibited a significant 
reduction (p<0.05) in TNF-α levels compared to the 
vehicle group. The dexamethasone (3 mg/kg) group 
(290.4±31.69) also showed a significant reduction in 
TNF-α levels (p<0.05) when compared to the vehicle 

group (Figure 7A).
DNCB treatment increased tissue levels of IL-

1β (505.9±21.91) when compared to the Sham group 
(208.9±29.49). GT at 100 mg/kg (236.1±55.88) also 
reduced tissue levels of IL-1β. On the other hand, 
treatment with GT at 200 mg/kg (300.5±36.99) 
reduced IL-1β levels, although this reduction was not 
statistically significant when compared to the vehicle 
group. The result also shows that dexamethasone (3 mg/
kg) (288.0±61.98) significantly reduced the expression 
of IL-1β (Figure 7B).

Animals treated with DNCB (494.4±36.98) 
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exhibited elevated tissue levels of IL-4 compared to the 
Sham group (233.1±48.20). In mice treated with GT 
at 100 or 200 mg/kg (139.5±56.42 and 172.0±41.76, 
respectively), IL-4 levels were signifi cantly reduced. A 
similar reduction was observed in animals treated with 
dexamethasone (3 mg/kg) (127.5±43.55) (Figure 7C).
Tissue levels of IL-6 were elevated in animals of the 
vehicle group (218.1±17.30) compared to the Sham 
group (64.5±11.38). Mice treated with GT at 100 or 

200 mg/kg (85.1±33.03 and 88.8±16.25, respectively) 
exhibited signifi cantly lower IL-6 levels. A similar 
reduction was observed in the dexamethasone (3 mg/
kg) group (104.6±9.85) (Figure 7D).
Regarding tissue levels of the evaluated infl ammatory 
markers (IL-1β, IL-4, IL-6, and TNF-α), no statistically 
signifi cant difference was observed between the GT 
(100 or 200 mg/kg) and dexamethasone groups.
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FIGURE 7 - Effect of GT on the concentrations of TNF-α (A), IL-1β (B), IL-4 (C) and IL-6 (D) in the skin tissue homogenate from DNCB-

induced AD cutaneous lesions in mice, 30th day of experimental protocol. Mice were treated (v.o.) with vehicle (saline), GT (100 and 200 mg/

kg), or dexamethasone (dexa 3 mg/kg). Results are expressed as mean ± SD *p<0.05 vs Saline (DNCB), #p<0.05 vs Sham (one-way ANOVA 

and Tukey’s post-test).

DISCUSSION

The search for alternative treatments to replace the 
current pharmacological therapies used in the treatment 
of AD has increased. Their respective effi cacies are often 
directly proportional to their adverse effects, opening 
up for potential application of GT in AD treatment. 
(Wu et al., 2021). However, no studies have evaluated 
the effects of GT in AD models. In this context, we 
investigated the potential of this monoterpene to 
modulate infl ammation in a DNCB-induced AD model 
in mice

The effect of GT was evaluated in an AD model 
characterized by key symptoms such as edema, 
erythema, erosion, pruritus, and dryness. The results 
of this study demonstrate that treatment with GT or 
dexamethasone signifi cantly prevented the skin lesion 
severity in animals with AD. This fi nding aligns 
with reported effects in human atopic dermatitis. 
Corticosteroids are recommended as fi rst-line therapy 
for the acute management of moderate to severe AD 
(Hanifi n, Tofte, 1999; Hernandez et al., 2024). A similar 
outcome was observed with thymol, which reduced 
skin lesions in an experimental AD model induced by 
Staphylococcus aureus membrane vesicles. This report 
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also demonstrated a reduction in epidermal thickness, 
eosinophil and mast cell infiltration, and serum IgE 
levels in these animals (Kwon et al., 2018). Therefore, 
the results of this study are consistent with previous 
findings, which have shown that monoterpenes can 
reduce the severity of AD lesions.

One of the primary effects of DNCB-induced AD is 
tissue alteration, characterized by epidermal thickening, 
immune cell infiltration, intercellular edema, and 
degeneration due to liquefaction of the basal layer (Park 
et al., 2021). Histopathological analysis performed in 
this work demonstrated that treatment with GT (Figure 
4(C e D)) reduced of skin thickness and inflammatory 
cell infiltration in eczematous tissue and, mitigated the 
degeneration of the basal layer. In addition, the data also 
show that animals treated with GT had thinner skin and 
reduced damage in the keratinised layer. Serum levels 
of IgE and Th2-mediated inflammatory cytokines, such 
as TNF-α and IL-4, affect keratinocytes that secrete pro-
inflammatory cytokines and chemokines in response to 
DNCB, leading to the invasion of immune cells into the 
inflamed skin (Homey et al., 2006). Choi et al. (2018) 
demonstrated that pulegone effectively attenuated the 
thickening of both the dermis and epidermis in a DNCB-
induced AD model, using dexamethasone as positive 
control. Similar results were observed in this study, with 
dexamethasone as positive control. This suggests that 
GT exhibits anti-inflammatory activity in keratinocytes. 
However, molecular mechanisms involving this activity 
still remain unclear.

One of the main characteristic of AD is the presence 
of edema in the affected tissue, thus, the DNCB-
induced ear edema model is often used in research to 
accurately assess this parameter (Choi et al., 2013). 
Edema results from the action of phlogistic substances 
such as histamine, substance P, bradykinin, among 
others, which cause changes in vascular permeability 
and consequently, the leakage of fluid and proteins 
from blood vessels to the interstitial space, as well 
as the infiltration of leukocytes to the site of injury 
(Choi et al., 2017). Treatment with GT significantly 
inhibited the development of DNCB-induced ear 

edema. These data suggest a reduction in leukocyte 
migration and leakage of fluid into the interstitial space. 
Edema reduction observed with GT treatment could be 
attributed to its potential to downregulate the expression 
of pro-inflammatory cytokines, given the pivotal role 
of these mediators in initiating and propagating the 
inflammatory response and the pathophysiology of 
AD. In a previous study, 6'-acetylpaeoniflorin (6-AP), 
a derivative of paeoniflorin, a monoterpene extracted 
from the roots of Paeonia lactiflora Pall, used to inhibit 
inflammation and regulate the immune response in 
clinical arthritis (Zheng, Wei, 2005), reduced ear edema 
and cellular infiltration in a DNCB-induced dermatitis 
model in mice (Zhou et al., 2016). This finding further 
supports the anti-inflammatory action exhibited by GT.

About 80% of AD patients exhibit increased levels 
of serum IgE. Elevated levels of IgE are common 
serum changes in AD, observed and analysed in animal 
models, reproducing the immunological changes 
observed in human dermatitis (Matsumoto et al., 2004). 
In the present work, GT was able to decrease serum 
IgE levels in a model of AD and exhibited a similar 
inhibitory effect when compared to dexamethasone. 
This result corroborates a previous study by Monteiro 
(2018), which demonstrated that the monoterpene 
significantly reduced serum IgE levels in an asthma 
model. These findings highlight its potential role in 
mitigating hypersensitivity reactions and further suggest 
its efficacy in the treatment of chronic dermatological 
inflammatory conditions.

Increased serum levels of lactate dehydrogenase 
(LDH) are noticed in situations of tissue damage, necrosis, 
hypoxia, hemolysis, or early stage of malignancies 
(Morishima et al., 2010). Lactate dehydrogenase (LDH) 
is an enzyme present in most cells, predominantly in 
liver, kidney, striated muscle, skin and cardiac muscle. 
Previous studies have demonstrated that elevated serum 
LDH levels correlate with epidermal cell damage 
(Kogawa et al., 2022). Additionally, fluctuations in 
serum LDH levels appear to correspond with the extent 
and depth of inflammation, reflecting epithelial damage. 
Therefore, LDH levels serve as a biomarker to evaluate 
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the severity of skin lesions and the clinical progression 
of AD (Mukai et al., 1990).

Moreover, a study conducted with children having 
AD showed that the serum levels of the LDH enzyme 
were high in severe cases of the disease, highlighting 
its role as an important biomarker of AD severity, 
considered based on the extension of lesions and 
severity of atopic symptoms. Additionally, the LDH 
enzyme activity decreased after a period of 6-12 months 
of treatment since the clinical situation of patients had 
improved (Jung et al., 2015). Our study showed that 
GT (200 mg/kg) reduce the serum levels of LDH in 
animals with AD. This is consistent with the findings 
of the current study, where a reduction in the severity 
of skin lesions was observed in animals treated with 
this substance. However, GT at a dose of 100 mg/kg 
was not effective in reducing serum LDH levels when 
compared to the vehicle (saline) group. Indeed, LDH 
has been shown to strongly correlate with AD severity, 
since it is an enzyme found in almost all tissue cells 
and several conditions can cause increased blood LDH 
including liver disease, anaemia, heart attack, muscle 
trauma, cancers and infections (Farhana, Lappin, 
2023).  Moreover, using a paracetamol (PCM)-induced 
hepatotoxicity model, Islam et al. (2021) reported that 
nerol, a monoterpene present in Citrus × aurantium L., 
significantly reduced hepatotoxic parameters (ALT, 
AST, GGT, and serum levels of LDH) induced by PCM. 
LDH is produced by all cells and can be released during 
numerous inflammatory processes, such as in the liver, 
muscles, and skin (Shipman, Bahrani, Shipman, 2024). 
More specifically, LDH, coupled with IgE, are serum 
biomarkers used to assess the clinical severity of AD 
(Kato et al., 2020). Consistent with existing literature, 
our experimental results suggest that GT reduces 
inflammatory parameters, mitigates cell damage 
induced by DNCB, and may serve as a potential anti-
inflammatory agent.

Thus, we believe that in this case, a higher 
concentration of GT (200 mg/kg) was necessary to 
reduce the levels of this enzyme equalling the group 
treated with dexamethasone (dexa 3 mg/kg), a reference 

drug, which is commonly used orally in patients with 
AD and is known to be effective in clinical practice 
(Saeki et al., 2009).

The literature demonstrates IL-4 plays a central 
role in the pathogenesis of AD in animal models. 
Overexpression of IL-4 induces IgE production, 
which exacerbates skin inflammation and leads to the 
characteristic histopathological alterations observed 
in AD (Spergel et al., 1999). Thus, it is reasonable to 
suggest that the decrease in IgE by GT may be due to 
the decrease in IL-4 levels. Several cytokines, such as 
IL-4, IL-6, IL-1β, and TNF-α, are critical mediators 
in the development of AD (Lee et al., 2020). These 
cytokines are abundantly present in eczematous tissue 
and blood samples from patients suffering from this 
disease. TNF-α is synthetized by inflammatory cells and 
is considered a primary mediator of inflammation. It is 
produced in response to tissue damage and promotes 
the release of other cytokines such as IL-1β and IL-6, 
through the activation of the nuclear factor kappa B 
(NF-κB) signaling pathway and consequent activation 
of an inflammatory cascade (Qu et al., 2019). IL-1β acts 
on the IL-1 receptor (IL-1R1), which is expressed on T 
lymphocytes, fibroblasts, epithelial cells, and endothelial 
cells; and triggers a series of phosphorylation and 
ubiquitination events and consequent activation of NF-
κB, p38 mitogen-activated protein kinase, N-terminal 
c-Jun kinases (JNKs), and mitogen-activated protein 
kinases (MAPKs) signaling pathways. Thus, IL-1β 
acts as a potent proinflammatory agent by promoting 
vasodilation, facilitating the recruitment of granulocytes 
to the site of inflammation, and stimulating the secretion 
of prostaglandins (Galozzi et al., 2021).

IL-4 exerts its effects through the activation of the 
type II receptor, which in turn activates the Janus Kinase/
Signal Transducers and Activators of Transcription 
(Jak/STAT) signaling pathway. This signaling cascade 
triggers a gene transcription process that enhances T 
cell activity, promotes immunoglobulin class switching 
to IgE, and facilitates antigen presentation by B cells 
(Braddock et al., 2018).

IL-6 is one of the first inflammatory mediators 
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produced in response to infection or tissue damage via 
pathogen-associated molecular patterns (PAMPs) and 
damage-associated molecular patterns (DAMPs), and 
induces the production of acute phase proteins, such as 
C-reactive protein (CRP), fibrinogen, and haptoglobin. 
Molecules present in DAMPs promote the activation of 
NF-κB. Besides immune cells, IL-6 can also be released 
by endothelial cells, fibroblasts, among others (Tanaka, 
Narazari, Kishimoto, 2014). 

This study showed elevated tissue levels of IL-4, 
IL-6 IL-1β, and TNF-α in a DNCB-induced AD model. 
Interestingly, treatment with GT or 1% dexamethasone 
(dexa 3 mg/kg) significantly decreased concentrations 
of those cytokines and, consequently, the inflammatory 
symptoms of AD. This result further corroborates 
with the macroscopic and histological findings that 
demonstrate a reduction in the inflammatory profile with 
GT treatment, such as decreased severity of cutaneous 
lesions, reduced epidermal thickness and infiltration of 
inflammatory cells in the tissue of the dorsal lesions. The 
DNCB-induced AD model exhibits a mixed phenotype 
of Th1 and Th2 responses, with Th2 cell responses 
predominant in the acute phase and Th1cell responses 
predominant in the chronic phase, where increased 
mast cell infiltration and elevated IgE levels (diagnostic 
indicator of AD), are observed (Choi et al., 2019). In 
this study, GT administration significantly reduced the 
levels of Th1 (IL-6, IL-1β, and TNF-α) and Th2 (IL-4) 
cytokines. Once activated, the Th1 pathway can evoke 
cell-mediated immunity and worsen AD by producing 
pro-inflammatory cytokines, such as TNF-α and IL-
1β (Chen, 2007). On the other hand, an exaggerated 
Th2 response elicits humoral immunity with antibody 
production, eosinophil accumulation, and production of 
Th2-type cytokines like IL-4, leading to a characteristic 
scenario of chronic inflammation associated with allergic 
conditions, such as eczema (Kaminishi et al., 2020). It 
is well established that the NF-κB pathway regulates 
the production of pro-inflammatory cytokines, adhesion 
molecules, and participates in the differentiation of 
activated T cells into effector cells, such as Th1 and 
Th2 cells, which are involved in initiating immune and 

inflammatory responses (Liu, Zhang, Joo, 2017). Once 
activated, Th1 and Th2 cells induce cytokine synthesis, 
increasing immune reactivity and play a significant role 
in the pathogenesis of AD (Das et al., 2001; Dajee et 
al., 2006). Thus, NF-κB is critical for the inflammatory 
response, Th1 response, and regulation of inflammation 
caused by Th2 cell activation, with suppression of 
NF-κB activation alleviating inflammatory diseases, 
including AD (Tanaka et al., 2007). Therefore, it 
is reasonable to suggest that GT acts by regulating 
the balance between Th1 and Th2 cells, attenuating 
the increase in IL-6, IL-1β, TNF-α, and IL-4 levels, 
indicating anti-atopic activity. The inhibition of Th1 
and Th2 inflammatory cytokines further suggests that 
GT may exert anti-AD activity by regulating immune 
events, including NF-κB expression, and reducing skin 
inflammation in DNCB-induced AD model. However, 
further studies are required to confirm this hypothesis.

Previous study showed that GT has important 
anti-inflammatory activity by inhibiting several 
inflammatory mediators such as PGE2, histamine, 
bradykinin. In addition, GT was able to reduce the levels 
of inflammatory interleukins and mitigate the migration 
of neutrophils in carrageenan-induced peritonitis 
model, indicating that this monoterpene acts on multiple 
inflammatory targets (Ramalho et al., 2015). The effects 
of monoterpenes on the production of these cytokines 
were also demonstrated by Choi et al. (2018), where 
pulegone (PLG) reduced tissue concentrations of IL-4, 
IL-6, IL-1β, and TNF-α, as well as INF-γ, indicating 
that PLG improves the parameters involved in AD by 
minimizing the inflammatory response in the DNCB-
induced mouse model. In this regard, we can suggest 
that GT has significant anti-inflammatory activity, 
as demonstrated in the DNCB-induced AD model in 
mice. It is noteworthy that no significant difference was 
observed between the GT and dexamethasone groups in 
the obtained results, indicating a profile similar to that 
of dexamethasone, used as a positive control. 

From an economic standpoint, the use of GT as 
a therapeutic agent for AD could potentially reduce 
the healthcare costs associated with managing this 
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disease, given the high costs of conventional AD 
treatments, which represent a significant burden on both 
patient health and the healthcare system, besides their 
severe adverse effects (Manjelievskaia et al., 2021). 
Corticosteroids have been a cornerstone of clinical 
practice for decades and are widely used in dermatology 
due to their anti-inflammatory and immunosuppressive 
properties. However, this class of drugs has several 
well-known undesirable effects, particularly at high 
doses and with prolonged use, such as skin atrophy, 
perioral dermatitis, tachyphylaxis, and suppression 
of the hypothalamic-pituitary-adrenal axis (Broeders, 
Ahmed Ali, Fischer, 2016), making "corticophobia" 
common among patients (Lugović-Mihić et al., 2023). 
Therefore, there still a need to develop an effective and 
safe pharmacological therapy that improves the quality 
of life of patients with AD.

Monoterpenes are secondary plant metabolites 
and represent a vast group of compounds with 
various biological activities (Salakhutdinov, Volcho, 
Yarovaya, 2017). These compounds have been widely 
used in agriculture, cosmetics, the food industry, 
and in pharmaceutical products (Zielińska-Błajet, 
Feder-Kubis, 2020; Ashrafizadeh et al., 2020). GT, a 
monoterpene present in several plant species and used 
in traditional medicine, such as Origanum vulgare L. 
(Gong, Ren, 2020), Rosmarinus officinalis L. (Ozcan, 
Chalchat, 2008), and Citrus sp. (Suzuki et al., 2004), 
is a relatively safe compound with low toxicity (Passos 
et al., 2015; Souza et al., 2024). It is also commonly 
found in a wide range of foods, particularly dietary 
products (Alvarenga et al., 2023). Previous studies 
demonstrate that GT has several biological properties 
(Guo et al., 2021; Passos et al., 2015; Ramalho et al., 
2016; Zochedh et al., 2022). However, no studies in the 
literature have investigated the role of GT in modulating 
AD. The data from this study do not only highlight 
the therapeutic potential of GT, a compound found in 
various plant species, as a promising anti-inflammatory 
agent for the treatment of AD but also pave the way for 
future clinical trials.

Based on these considerations, the results obtained 

collectively suggest that GT is a promising candidate as 
a therapeutic agent for the treatment of AD.

CONCLUSIONS

GT decreased the severity of lesions and mitigated 
leukocyte infiltration in the dorsal skin of DNFB-induced 
atopic dermatitis mice. This monoterpene attenuated 
DNCB-induced ear edema, reduce Immunoglobulin 
(IgE) and Lactate dehydrogenase (LDH) levels in the 
serum of animals with AD, besides decreasing the 
expression of IL-4, IL-6, IL-1β, and TNF-α, in the 
skin tissue homogenate from the dorsal lesions of AD 
mice. Thus, the data obtained indicate possible anti-
inflammatory properties of GT and demonstrate that 
this monoterpene represents a promising therapeutic 
agent for the treatment of AD.
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