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 Abstract 

Itching is a major complaint in chronic allergic dermatitis. High levels of interleukin -17 

(IL -17) and immunoglobulin E (Ig E) have been suspected to play a major role in this 

inflammatory condition. The aim of this work was to study the potential antipruritic 

effect of lowering IL-17 and /or IgE by anti IgE monoclonal antibodies and peroxisome 

proliferator-activated receptor gamma (PPAR γ) agonist in an experimental model of 

atopic dermatitis (AD) induced by oxazolone in mice. Methods: Fifty female mice were 

randomly assigned to 4 groups. AD-like lesions were induced in group 2, 3 and 4 by 

application of 5 % oxazolone followed by 0.1% oxazolone to the mice skin (chronic 

AD). Group 2 mice were left untreated while those in group 3 and 4 received anti IgE 

monoclonal antibodies (omalizumab) and PPAR γ agonist (pioglitazone) respectively. 

Results: Administration of either anti IgE monoclonal antibodies (omalizumab) and 

PPAR γ agonist (pioglitazone) significantly reduced scratching behavior in treated mice. 

This was accompanied by significant decrease of the elevated levels of IL-17 and IgE by 

both drugs. IL-17 suppression was better with pioglitazone while IgE suppression was 

more significant with omalizumab. Dermoscopic, histological examination and 

transepidermal water loss (TEWL) also showed significant improvement. Conclusions: 

Both anti IgE monoclonal antibodies (omalizumab) and PPAR γ agonist (pioglitazone) 

offer antipruritic  effects in AD by reducing IL-17, Ig E and transepidermal water loss. 
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INTRODUCTION 

Itching or pruritus is a somatic sensation 

carried by type C fibers to the spinothalamic tract 

and the somatosensory cortex [1]. It is classified 

into four types: neurogenic (or systemic) itch that 

occurs due to diseases in organs other than the 

skin, psychogenic itch that results from 

psychologic troubles that drive the patient to 

scratch normal skin, neuropathic itch resulting 

from damaged sensory afferents activated without 

pruritogenic stimuli and pruriceptive itch [2]. The 

later is the most common type of itch and is due to 

application of different allergens to the skin. 

 Itch can be histaminergic due to release of 

histamine from mast cells upon exposure to 

endogenous or exogenous substances. It can also 

be                                        non-histaminergic, due 

to exposure of the skin to certain neuropeptides, 

cytokines, lipids or proteases as tryptase, derived 

from mast cells and kallikreins, from keratinocytes 

upon disruption of the epidermal skin barrier [2,3].   

The skin barrier is composed of 4 divisions: 

microbiome (commensal bacteria that fight skin 

pathogens), chemical (as antimicrobial peptides 

that keep skin pH and lipids), physical (stratum 

corneum and tight junction proteins) and 

immunological (resident immune cells as 

Langerhans cells) [4]. These cells can interplay 

with other lymphocytes to initiate different 

immune responses [5].  

          Atopic dermatitis (AD) is a chronic 

inflammatory skin disease characterized by intense 

itching, xerosis and eczematous lesions, in which 

the skin barrier is disturbed [6,7]. Recently, it has 

been found that itch represents an interplay 

between immunology and neuroscience [8]. An 

immunologic aspect of this disease was 

discovered: a change in the type of 

immunoglobulin produced by B-lymphocytes 

(class switching) from serum immunoglobulin Ig 

M into Ig E.  Skin samples show increased 

numbers of IgE – bearing Langerhans cells which 

act as antigen presenting cells to T-helper 2 cells 

[9] i.e., IgE is mostly the bridge linking antigen 

recognition by immune cells and mast cells and 

basophils, present in the skin exposed to antigens 

[10]. Recently, high IL–17 levels have been 

reported too. They induce a proinflammatory state 

and upregulate numerous inflammation-related 

genes in target cells, fibroblasts and keratinocytes, 

the predominant cells in the epidermis, having itch 

receptors, and capable of releasing pruritogenic 

molecules [11, 12, 13].  

Scratching of itchy skin is associated with a 

sense of pleasantness associated with activation of 

several parts of the brain as the corpus striatum 

and the midbrain (reward system), the primary 

somatosensory cortex (perception) and the insular 

cortex [14]. Unfortunately, repeated scratching 

leads to additional mechanical injury of the skin 

and stimulates the keratinocytes to produce more 

inflammatory cytokines [3]. Several substances 

have been used to inhibit scratching as histamine 

receptor -1 antagonists and naltrexone [15].   

In the current study, we investigated the 

potential antipruritic effects of anti IgE 

monoclonal antibodies (omalizumab) and PPAR-γ 

agonist (pioglitazone) in experimental chronic AD-

like lesions induced by oxazolone in mice.  

2. Material and methods 

All animal care and experimental procedures 

were carried out in accordance with the National 

Institutes of Health Animal Care Guidelines (NIH 
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publications No. 80-23), and were also approved by 

the Ethics Committee of Alexandria University.  

Fifty female mice, 5 weeks old, were purchased 

from the animal house of the Medical Physiology 

department and maintained in clean polypropylene 

cages, at a room temperature of 22-25 degrees 

centigrade, with free access to standard laboratory 

show and tap water with a 12 h/12h light/dark cycle. 

After one week adaptation, 50 mice were randomly 

assigned to four groups:  

Group 1(Naïve group): 10 mice in which 100 % 

ethanol (vehicle) was painted to the right ear and 

shaved rostral back. 

Group 2 (untreated AD ):  

Group 2 A : 10  mice exposed to a single 

application of  20 µl of 5 % oxazolone (Sigma 

USA) dissolved in 100% ethanol, painted to the 

right ear and shaved rostral back, to develop acute 

dermatitis [16].     

Group 2B:  After initial sensitization as group 2A, 

another 10 mice were weekly rechallenged with 

0.1 % oxazolone solution (20 µl applied to the 

right ear and 40 µl applied to the shaved rostral 

back), to develop chronic dermatitis [16].     

Group 3 (Anti-IgE monoclonal antibodies-

treated): After development of chronic dermatitis 

as in group 2B, 10 mice received anti-IgE 

monoclonal antibodies (omalizumab) 

subcutaneously, every 5 days in a dose of 4 ml/Kg, 

starting from the beginning of the 3 rd week till the 

end of the 7thweek [17].   

Group 4 (PPAR gamma agonist-treated): After 

development of chronic dermatitis as in group 2B, 

10 mice received PPAR gamma agonist 

(pioglitazone) daily by gavage feeding in a dose of 

25 mg/Kg from the beginning of the 3rd week till 

the end of the 7 th week [18]. 

The following parameters were measured: 

a) Scratching behavior was weekly quantified by 

counting the number of scratches with fore- 

and hind paws for 40 minutes, close to the site 

of application of oxazolone solutions. 

Scratching behind the ears, but not on the face, 

was also counted. When a mouse scratched 

continuously for about 1 second without 

stopping, and repeated it more than once, this 

episode of scratching was counted as one. The 

results were expressed as the number of 

scratches in 40 min [19].   

b) Transepidermal water loss was weekly 

estimated by EnviroDerm Services Tewameter 

(Dermal measurement system EDS12, UK), to 

assess the impact of AD on epidermal barrier 

function as an objective parameters of disease 

severity [20]. 

c) Total serum IgE: Blood samples were 

collected at beginning, third week and at the 

end of seventh week. The serum level of total 

IgE was measured by ELISA kit (EIAab 

company) according to the manufacturer’s 

instructions. 

d) Serum IL-17 level: Blood samples were 

collected at the beginning, third week and at 

the end of the seventh week. The levels of IL-

17 were measured by an ELISA kit (EIAab 

company) according to the manufacturer’s 

instructions. 

e) Matsuoka scoring system [21] :  The severity 

of the macroscopic clinical signs of dermatitis 

was measured by the extent of (1) erythema 

⁄hemorrhage, (2) scarring⁄dryness,  (3) edema, 

(4) excoriation ⁄erosion. The following score 

was given:0 (none), 1 (mild), 2 (moderate) and 

3 (severe).  
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f) Dermoscopic evaluation was performed by 

two independent doctors, who were unaware 

of the histopathological diagnosis, using 

DERMALITE dermoscope. The severity of 

dermoscopic signs was scored as 0 (none), 1 

(mild),2 (moderate) and 3 (severe), by the 

extent of (1) background color (dull red, i.e. 

intense red color, light red, i.e. fading red 

color, yellowish) and distribution (2) scale 

color (white, yellow, white + yellow); and 

distribution (patchy, peripheral, diffuse, 

central) (3) vascular morphology (dotted, 

linear, dotted + linear) and distribution 

(regular, in clusters, patchy, peripheral, in 

rings). 

g) Histopathology: Mice skin samples were 

sliced and then stained with H&E and toluidine 

blue to count the mast cells and eosinophils, 

respectively. The cell density was expressed as 

the number of cells per five high-power field 

(400) for each section. 

Statistical analysis   

Data processing and analysis were 

performed by SPSS, version 18.0 Chicago: SPSS 

Inc. Qualitative data were coded and codes were 

checked before analysis. Quantitative variables 

were presented as mean and standard deviation. 

For qualitative variables, numbers and % from 

total were used. Statistical comparisons between 

groups were performed using Krushal Wallis and 

Mann-Whitney U test for quantitative variables 

and Fisher’s Exact, Monte Carlo and Chi-Square 

tests for qualitative variables. Wilcoxon signed 

ranks test was used in the comparison between 

different readings of the same variable in group at 

different times. Linear relationships between 

quantitative variables were assessed using 

Spearman correlation coefficient. All results were 

interpreted at 5 % level of significance.    

3. Results 

3.1. Acute dermatitis (Group 2 A mice)  

After a single application of 5 % oxazolone, 

mice developed acute      dermatitis . Compared to 

group 1 (naïve mice), there was a statistically 

significant increase in scratching behavior (34.47 

±2.9 versus 8.53 ± 1.6), in TEWL (10.87±0.83), in 

IL-17 level (46.2±3.3pg/ml), in the mean level of IgE 

(42.7±3.9 ng/ml) (P<0.001) (Figures 1 and 2). The 

mean value of Matsuoka score was 9±1.6, with 

predominance of erythema and edema, while the 

mean value of dermoscopic scoring 5.9±1.1, with 

predominance of patchy erythema and dotted vessels                    

(figure 3a). 

3.2. Chronic untreated AD model (group 2 B 

mice)  

At the end of the 7 th week, compared to 

acute dermatitis, there was a statistically significant 

increase in scratching behavior (60.4 ±4.5), TEWL 

(18.2±1.21), in serum IgE level (72.5±8.1ng/ml), IL- 

17 (88.8±2.7 pg/ml) (P<0.001)(Figure 1 and 2). 

Matsuoka score was 9±1.6, with predominance of 

scaling and excoriation (figure 3).  Histopathologic 

examination revealed prominent epidermal 

hyperplasia, inflammatory infiltrate in contrast to 

edema and erosion which were more prevalent in the 

acute dermatitis (figure 4). 

3.3. Chronic AD treated with omalizumab 

(group 3) and pioglitazone  (Group 4)  

A significant decrease in scratching occurred 

in chronic AD treated by omalizumab and 

pioglitazone compared with group 2B (20.5±2.9 and 

23.73±3.6  versus 60.4 ±4.5respectively, P<0.001). 

There was also a significant decrease in TEWL 

(7.73±1.39 and 4.73±1.16 respectively), a lower 
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serum Ig E level (19.3±3.3 and 45.01±8.8 ng/ml 

respectively), a lower IL-17 level (72.4±3.8 and 

30.5±2.7 pg/ml respectively) (Figures 1 and 2). The 

mean value of Matsuoka score was 2.9±0.8 and 

0.87±0.8 respectively and the mean value of 

dermoscopic score was 1.5±0.5 and 0.5±0.6 

respectively (figure 3). This was associated with 

histopathologic evidence of improvement (figure 4).  

Though treatment with PPAR gamma agonist 

led to a significantly lower Matsuoka score, 

dermoscopic score, TEWL, IL-17 and higher 

hydration, it was unable to lower the elevated IgE as 

efficiently as anti IgE monoclonal antibodies. 

Results also showed a positive strong 

correlation between the level of IL-17 and Matsuoka 

score, dermoscopic score and TEWL. However, 

there was a weak positive correlation between 

scratching at the end of the seventh week and both 

IgE and IL-17 levels. 

 
Figure 1: Comparison between the scratching behavior in the studied groups.  There was a statistically significant 

increase in scratching in group 2 A and 2 B compared to group 1 (naïve group), in the first and third week. In addition, 

there was a statistically significant higher scratching in group 2 B compared to 2 A. In the seventh week, there was a 

significant decrease in scratching  in group 3 and group 4 compared with group 2A and 2 B (P<0.001).   

 

 
Figure 2: Comparison between the serum IL-17 in pg/ml, Ig E in ng/ml and transepidermal water loss (TEWL) in the 

studied groups . * statistically significant difference compared to group 1. # Statistically significant difference compared 

to group 2A. $ statistically significant difference compared to group 2B. & statistically significant difference compared to 

group 3 . 
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Figure (3): Dermoscopic examination of the skin of the different studied groups . Group 2 A shows predominance of 

patchy erythema and dotted vessels, while in group 2 B, scaling and excoriation were predominant. Group 3 and 4, 

treated with anti Ig E antibodies and PPAR-γ  agonist shows significantly less redness and scaling. 

 

 
Figure (4): Histopathologic examination of skin in the different studied groups.  Courtesy of Dr. Noha Mahmoud 

Zahran, associate professor of Histology and cell biology 
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4. Discussion 

A single application of oxazolone solution 

induced acute dermatitis. This can be explained by 

contact sensitivity responses to reactive hapten 

antigen (oxazolone), which led to cell mediated 

hypersensitivity reaction. The cutaneous 

manifestations as redness and itching were 

associated with a mild increase in TEWL, decrease 

in hydration, mild epidermal hyperplasia, 

inflammatory infiltrate and marked edema, 

compared to the naïve group. These results agree 

with Man MQ et.al (2008) [16] who described a 

mild deterioration of TEWL associated with 

normal hydration upon the initial oxazolone 

challenge. In the current work, both serum levels 

of IL-17 and IgE were increased. This was 

accompanied by increased cellular infiltration, in 

agreement with  Heo W (2015) [22] and his co-

workers who reported similar findings  in wild-

type mice but not in IL-17 knockout mice. 

Elevated serum level of IgE, may be related to 

degranulation of mast cells and basophils, and to 

the elevated serum level of IL-17. In fact, IL-17 

may increase IgE levels by multiple mechanisms 

as increasing IgE secretion from already existing 

IgE secreting plasma cells, acceleration of 

differentiation of B lymphocytes into IgE-

producing plasma cells and changing the class of B 

lymphocytes from memory into IgE secreting 

plasma cells [23]. 

 Repeated application of oxazolone to the 

mice skin converted the acute dermatitis into a 

chronic one, with erosions, scaling and increased 

itching. Several factors are involved in this 

conversion. The increased TEWL and decreased 

hydration that allowed more allergen to traverse 

the subcutaneous tissue repeatedly. The decreased 

efficiency of the permeability barrier gives a 

greater access for the hapten (oxazolone) and 

increases scratching [24].  In addition, the high 

serum level of IgE also enhances the 

transformation of acute into chronic dermatitis 

because more IgE bearing Langerhans cells are 

available to present the recurrent cutaneous 

allergen (oxazolone) to T-helper2 cells which 

promote inflammation [25]. That is why the 

epidermal hyperplasia, hyperkeratosis, and marked 

inflammatory infiltrate were more evident in the 

chronic model than in acute dermatitis [24].  Other 

researchers also demonstrated diminished levels of 

three structural protein markers of differentiation 

(loricrin, involucrin, filaggrin) in the outer 

nucleated layers of skin upon repeated exposure to 

oxazolone [16]. Previous studies also emphasized 

the role of the elevated levels of serum IL-17 

which cause a change in expression of genes 

involved in formation of skin barrier [26,27]. In 

accordance with the present results, scientists 

reported that in IL-17 deficient mice, Ig E 

production was suppressed and skin inflammation 

was decreased [26-28].  

       Repeated administration of omalizumab 

significantly alleviated itching in chronic AD. This 

antipruritic effect may be due to lowering of Ig E, 

the main immunoglobulin prevalent in atopic 

conditions. In fact, omalizumab is an anti IgE 

monoclonal antibody that specifically binds to 

most forms of IgE; weather free in blood, 

membrane-bound or on the surface of IgE-

expressing B lymphocytes [13]. In addition, serum 

IL-17 was significantly reduced. Previous 

researchers suggested that Il-17 A+ cells promote 

IgE production and exert its pro-allergic effect 

directly at the level of B lymphocytes, which need 



 El Azhary et al.,                                                                                         70 

co-stimulation by both B cell activating factor 

(BAFF) and IL-17A to ensure their survival and 

differentiation into plasma cells [29,30]. The 

beneficial use of omalizumab in other allergic 

conditions has been recorded as in case of asthma 

[31].  

Peroxisome proliferator-activated receptors 

(PPARs) are nuclear hormone receptors that 

regulate gene expression and inflammatory 

responses. They also modulate various skin 

functions as keratinocyte proliferation, epidermal 

barrier formation, wound healing and sebum 

production. Pioglitazone is a PPAR γ agonist that 

has been successfully used for the treatment of 

type 2 diabetes mellitus [32].  

 Pioglitazone in a dose of 25 mg/Kg was 

also able to significantly reduce scratching in 

chronic AD. This antipruritic effect may be 

explained by improvement of the permeability 

barrier functions possibly by upregulation of 

aquaporin 3 in skin keratinocytes, a main player in 

barrier function and skin hydration [33]. Other 

factors as stimulating the formation of lipids in the 

epidermis (lamellar body and lamellar membranes) 

and increased involucrin levels (an important 

marker of keratinocyte differentiation) can not be 

ignored [34,35]. In addition, as  a PPARγ  agonist, 

pioglitazone  can also selectively hinder or even 

stop the differentiation of lymphocytes into T 

helper-17 cells, the main site of secretion of IL-

17[36] . It is to be noted that pioglitazone showed 

effectiveness in treating other atopic conditions as 

lowering symptoms of anaphylaxis and 

recruitment of inflammatory cells in the lung, as 

well as serum IgE, in an experimental model of 

acute bronchial asthma [35, 37].  

  

  Conclusions 

Both anti IgE monoclonal antibody (omalizumab) 

and PPAR γ agonist (pioglitazone) have promising 

antipruritic potentials in atopic dermatitis.  This 

beneficial effect is mostly due to reduction of the 

elevated IL-17, IgE and TEWL. 
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