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Abstract: Canine atopic dermatitis (cAD) is a chronic inflammatory dermotological disorder in dogs, primarily characterized by pruritus.
Conventional treatment modalities involve topical and systemic agents among allergen-specific immunotherapy (ASIT); however, their
effectiveness varies, and potential adverse effects necessitate alternative therapeutic approaches. Methylene blue (MB) is a cationic
photosensitizer with antimicrobial and neuromodulatory effects, previously shown to alleviate pruritus in human medicine by blocking
peripheral nerve endings. This study aimed to evaluate the therapeutic capability of nebulized MB in reducing pruritus severity in dogs with
AD. For this propose a total of 13 dogs diagnosed with AD without any treatment for at least three weeks were enrolled to the study. All cases
were assessed using the Canine Atopic Dermatitis Extent and Severity Index (CADESI-04) and Visual Analog Scale (VAS). MB was
administered via nebulization in a single session, and pruritus scores were recorded on days 2, 4, 6, 8, and 10. The results demonstrated a
marked reduction in pruritus scores following MB administration, with the most significant improvements observed on days 4, 6, and 8. no
adverse effects were noted throughout the study. Given its neuro-modulatory and anti-inflammatory properties, MB appears to be a promising
alternative approach for the management of pruritus associated with AD in dogs. In conclusion nebulized MB is a safe and effective treatment
modality for pruritus management in cAD. These findings warrant further controlled studies to elucidate the underlying mechanisms and long-
term therapeutic potential of MB in veterinary dermatology.
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Detection of Serum Zonulin Levels in Association with Intestinal Permeability in Calves
Mono- or Co-Infected with Rotavirus

Ozet: Kopeklerde atopik dermatit (cAD), baslica belirti olarak pruritus (kasinti) ile seyreden kronik bir inflamatuvar deri hastaligidir.
Geleneksel tedavi yontemleri arasinda topikal ve sistemik ajanlarin yani sira alerjene 6zgii immiinoterapi (ASIT) yer almaktadir; ancak bu
yontemlerin etkinligi degiskenlik gostermekte ve olasi yan etkileri nedeniyle alternatif tedavi yaklasimlarina ihtiya¢ duyulmaktadir. Metilen
mavisi (MB), antimikrobiyal ve ndromodiilator etkileri bulunan katyonik bir fotosensitizer olup, insan tibbinda periferik sinir uglarini bloke
ederek pruritusun hafifletilmesinde olumlu sonuglar gostermistir. Bu c¢aligmanin amaci, nebulizasyon yoluyla uygulanan MB’nin atopik
dermatitli kopeklerde kasinti siddetini azaltmadaki tedavi edici potansiyelini degerlendirmektir. Bu amagla, en az ii¢ haftadir herhangi bir tedavi
almamis ve atopik dermatit tanis1 konmus toplam 13 kopek caligmaya dahil edilmistir. Tiim olgular, Kopek Atopik Dermatiti Yayginlik ve
Siddet indeksi (CADESI-04) ve Gorsel Analog Skala (VAS) kullamilarak degerlendirilmistir. MB, tek seanslik bir nebulizasyon uygulamastyla
verilmis ve pruritus skorlar 2., 4., 6., 8. ve 10. giinlerde kaydedilmistir. Elde edilen veriler, MB uygulamasini takiben kasinti skorlarinda
belirgin bir azalma oldugunu gostermistir; en dikkat ¢ekici iyilesmeler ise 4., 6. ve 8. glinlerde gozlenmistir. Calisma siiresince herhangi bir yan
etkiye rastlanmamistir. Néromodiilator ve antiinflamatuvar 6zellikleri goz oniinde bulunduruldugunda, MB, atopik dermatitle iliskili pruritusun
kontroliinde umut vadeden bir alternatif tedavi segenegi olarak one ¢ikmaktadir. Sonug olarak, nebulize MB uygulamasi, cAD olgularinda
pruritusun yonetiminde giivenli ve etkili bir yontemdir. Bu bulgular, veteriner dermatoloji alaninda MB’nin etki mekanizmalarinimn ve uzun
vadeli tedavi potansiyelinin daha kapsamli sekilde arastirilmasini gerektirmektedir.

Anahtar Kelimeler: Calf, Diarrhea, Intestinal Permeability, Rotavirus, Zonulin

1. Introduction

Canine atopic dermatitis (cAD) is a chronic inflammatory
skin disorder with a predominance of pruritus (itching) that
develops as a result of the interaction of genetic
predisposition and environmental allergens. Pollen, molds,
house dust mites, dietary components and secondary

infections can increase the severity of the disease (1). In cAD,
which has no curative treatment, it is recommended to
manage on an individual patient basis and to determine
sustainable treatment strategies in the long term. Topical and
systemic agents are widely used in the treatment of cAD (1).
Systemic agents include cyclosporine, oglacitinib oclacitinib
and lokivetmab, which act by suppressing inflammation and
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mediators of pruritus (2). Allergen-specific immunotherapy
is considered as a technique that supports the development of
long-term immunotolerance in dogs with cAD (3).

Alternative therapeutic approaches include mesenchymal
stem cell (MSC) applications, mast cell inhibitor masitinib,
and agents such as luteolin that reduce the expression of
proinflammatory cytokines 4). In addition,
lactoferricin/verbascoside compounds prevent secondary
infections, and vaccines against IL-31 are effective in
controlling pruritus (5,6). Cannabidiol and its derivatives
alleviate pruritus by acting through the endocannabinoid
system, although probiotics may play a supportive function in
the management of clinical signs with their
immunomodulatory properties (7). Nutritional supplements
such as vitamin D and E show anti-inflammatory effects,
while agents such as pentoxifylline and misoprostol might
improve symptoms by suppressing TNF-o and inflammatory
cytokines (8,9).

Methylene blue (MB) is a cationic dye which could be
stimulated by red light in photodynamic applications,
generating reactive oxygen species in presence of molecular
oxygen (10). However, beyond aforementioned usage area,
MB has therapeutic potential in various medical applications
due to its antimicrobial, antioxidant, and neuromodulatory
properties. In veterinary medicine, MB has been reported to
be effective against a broad spectrum of microorganisms,
especially in treatment of superficial infections (10). Its
ability to inactivate spores and hyphae of dermatophyte
agents makes MB a safe and economical option for the
management of skin infections (11). Another importance of
MB in the biomedical field is management of pruritus. In
medicine, pruritus ani is another important symptom
following hematochezia in anorectal diseases and its
pathogenesis is explained by “itch-scratch-itch” term (12).
The constant stimulation of sensory nerves causes patients to
exhibit repetitive behaviors that increase pruritus and cause
damage to skin barrier (13). Studies medicine have shown
that MB reduces pruritus by blocking the nerve endings of
unmyelinated C-fibers in the perianal region, that it has been
suggested on MB injections might be an effective method in
the management on treatment-resistant idiopathic pruritus ani
(13,14).

In veterinary medicine, effective management of pruritus in
cAD is of great importance to improve the life quality. In this
context, the aim of this study to evaluate the Visual Analog
Score (VAS) outcomes of using methylene blue in the
management of pruritus in dogs with atopic dermatitis.

2. Materials and Methods
2.1. Research era / Triage criteria

The present study was conducted at the Aydin Adnan
Menderes University, Faculty of Veterinary Medicine,
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Department of Internal Medicine. In a total of 13 dogs (n=5
female, eight male, at the age of 2 to 9 years, three crossbred
and 10 pure breeds) were enrolled, with primary inclusion
criteria as pruritus were tentatively diagnosed with a
presumed cAD based on through history, clinical signs,
dermatoscopy (DermLite, DL4 Dermatoscopy), epidermal
corneometry (Callegari Soft Plus, Italy), Polycheck in vitro
Allergy Test (Germany), Quantum Pet Bioresonance Assay
(China) and relevantly dermatological interpretation, similar
to previous studies by the same researchers (15-19). All dogs
participated based on written owner consent and available
ethical guidelines (Aydin Adnan Menderes University,
Animal Experiments Local Research Committee (ADU-
HADYEK document no: 2017/008). During the trial, all dogs
were subjected to low glycemic index commercial food. As
an inclusion criterion, none of the dogs were allowed to
receive any drug for at least 3 3-week duration. An entire
physical analysis was performed on days O and 10. The
Canine Atopic Dermatitis Extent and Severity Index version
4 (CADESI-04) was performed and fulfilled in an attempt to
follow the clinical findings. Although the CADESI-04 was
used to support the clinical diagnosis of cAD and determine
baseline status, it was not used as a primary outcome measure
in this study. Pet owners were instructed to systematically
evaluate and document pruritus severity utilizing a 10 cm
Analog Scale (VAS), following
assessment protocols described in the literature. (20-21).

Visual standardized

2.2. Methylene blue application

Aropi Methylene Blue Solution 1%, 50 ml (Aropi Chemistry,
formula: C16H18CIN3S, molarity mass: 319,85 g/mol) was
preferred and prescribed by the present investigators, in
which animal owners were easily purchased from available
online stores. Briefly a single dose of MB was administered
by inhalation at 2 mg/kg. The total dose was diluted in
lactated ringer solution of 5 ml was added on to carrier
chamber of nebulizator device (Mesilife Br-cnll6
Compressor Nebulization Device Cnl16) which were was
then by usage of air mask the dogs were inhaled/nebulized.
Every dog participated received this MB solution by inhaler
route for 1 session solely. There was no side effect noticed.

i 1

Figure 1. a. Mesilife Br-cn116 Compressor Nebulization
Device Cnl16, MB solution as shown on the table and b)
inhaled MB by use of airway mask.
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2.3. Statistical analyses

All statistical analyses were conducted using SPSS 29.0
(IBM, USA). Descriptive statistics, including mean, median,
standard dev, and interquartile ranges, were calculated for
each time point to summarize the distribution of VAS (Visual
Analog Scale) values across different days. To assess
differences in VAS values over time, the Friedman test, was
applied to define the statistically significant alterations on
repeated measurements. Pairwise comparisons between
baseline (Day 0) and subsequent days (Days 1, 2, 3, 4, and 5)
were performed using the Wilcoxon signed-rank test to
identify specific time points. A significance level of p < 0.05
was considered statistically significant for all analyses.

3. Results

The results of the descriptive statistics performed to evaluate
the change in VAS scores between days were presented in a
table. Friedman analysis was performed to determine the
statistical difference between days. According to the results
of Friedman analysis, VAS scores showed a statistically
significant difference between days (p < 0.001). To evaluate
the difference between days in detail, pairwise comparisons
between day 0 and the following days were analyzed with
Wilcoxon paired rank test. As a result of these comparisons,
a statistically significant difference was found between day 0
and all other days (p < 0.05). Especially the p-values obtained
on days 4, 6 and 8 were at the p < 0.001 level (Table 1).

Table 1 *P. Values with different letters in the same column
indicate statistical differences between day 0 and other days.

Days Mean Std Median Minumum Maximum
Day0 8.43* 1.28 8.0 6.0 10.0
Day2 7.29° 1.44 7.0 5.0 10.0
Dayd4 564> 187 6.0 2.0 8.0
Day6 3.71® 1.68 3.5 0.0 6.0
Day8 214 1.29 2.0 0.0 5.0
Day10 1.07° 1.07 1.0 0.0 3.0
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Changes in VAS Over Time

—e— Mean VAS
8 [ 9% ~®~ Median VAS

Day 4 Day 6 Day 8 Day 10

Days

Day 0 Day 2

Figure 2. Alterations among VAS pruritus scores to those of
dogs with cAD linked to trial days.

4. Discussion and Conclusion

In this study, inhaled MB significantly (p < 0.001) reduced
pruritus scores associated with atopic dermatitis. The findings
support that MB may be an effective agent in the management
of pruritus. In the literature, it has been reported that MB has
been used in various medical conditions with different
application routes and successful results have been obtained
(22,23). For example, it was reported that MB was
successfully used in a dog with dermatophytosis by topical
photodynamic therapy and the lesions healed in a short time
(24). Prolonged administration of antifungal agents has been
associated with significant adverse effects, including
hepatotoxicity. Therefore, MB may serve as a safer
alternative to mitigate the risk of systemic toxicity (22). In the
present study during nebulization with MB, there was no side
effects noticed.

In our study, inhaled administration of MB provided a
statistically significant decrease in pruritus scores. Significant
decreases in pruritus scores, especially on days 4, 6 and 8§,
were found to be remarkable in terms of the early efficacy of
MB. These data suggest that MB may be considered as an
alternative strategy in the management of cAD. Moreover,
this novel treatment modality could substitute old and
unfashioned drug trials.

The effects of MB on pruritus have historically been
associated with its ability to stain nerve terminals and disrupt
their function. Ehrlich's discovery in 1890 that high
concentrations of MB target nerve terminals and disrupt their
function with local application paved the way for the use of
this compound in the treatment of neurological diseases and
rheumatic conditions (25,26). In the present study MB was
preferred to be given in inhaler route which could have
hastened clinical recovery among dogs enrolled.

In a study conducted in 1968, MB was shown to be effective
in the treatment of refractory idiopathic pruritus ani. In
clinical and electron microscopic examinations, it was
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determined that MB injection caused local nerve terminal
necrosis and this effect blocked sensory transmission for
approximately 26-28 days (27). This mechanism reduces the
symptoms by breaking the itch-scratch-itch cycle, which is
one of the most important triggers of pruritus. In addition, it
has been reported that MB causes a reversible change in nerve
tissue and does not cause any disruption in normal tissue
structure in  long-term  follow-up (28). Although
histopathological assessment could not be performed in this
study, the absence of adverse reactions and observed clinical
improvement suggests that MB might utilize its effects
without harmful impact on tissue integrity. These data were
in accordance with our results obtained herein. Vicious
itching cycle was disrupted solely with MB inhalation in the
present study. This was supported by the results we obtained.

In our study, MB administered by inhalation was found to be
effective in reducing pruritus due to atopic dermatitis. In the
literature, it has been reported that MB reduces itching in the
perianal region by creating local nerve blockage when
administered by injection (28,29). Consistent with previous
findings, this study demonstrated that inhaled MB
administration effectively alleviated pruritus associated with
cAD. Considering the neuromodulatory effects of MB, it is
thought that this compound may reduce itching sensation by
suppressing the neuroinflammatory processes underlying
pruritus. The regulatory effects of methylene blue on
inflammatory processes and ROS have been investigated in
different clinical situations. In the literature, it has been
reported that MB suppresses inflammation by inhibiting
cytokine production (30). In studies in COVID-19 patients,
inhaled MB has been shown to reduce inflammatory markers
and decrease oxygen demand (31). In the referenced study, a
notable reduction in inflammatory markers, including C-
reactive protein (CRP) and lactate dehydrogenase (LDH),
was observed in groups receiving inhaled MB treatment.

Atopic dermatitis is a disease associated with high levels of
proinflammatory cytokines (IL-4, IL-13, IL-31) and Th2
response and is recognized as one of the main causes of
chronic pruritus. In the literature, it has been reported that MB
suppresses inflammation by providing large-scale cytokine
inhibition (30). MB has also been suggested to contribute to
the regulation of inflammatory processes by modulating nitric
oxide (NO) production (32). It has been suggested that NO
metabolites are at high levels in COVID-19 patients and MB
may regulate these mechanisms with its antioxidant effects
(33). Regarding skin survival among burn models of rats, MB
diminished necrosis, in association with lowered oxidative
stress via NO blockage (34). Although we did not measure
NO levels compared to those of dogs enrolled in this study,
we could speculate that MB was capable of inhibiting NO
levels at least at the skin anatomy. As a well-known
neurotransmitter, NO has been linked as a pruritus mediator

8. Klinger, C. J., Hobi, S., Johansen, C., Koch, H. J., Weber, K,
et al. Vitamin D shows in vivo efficacy in a placebo-
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(35), contributing to its etiology. Keratinocytes, fibroblasts,
and mast cells are whole selected examples of skin cells that
could emit NO (36). All aforementioned explanations might
be responsible for the clinical recovery obtained at the present
study herein reported, in which MB was probably capable of
suppressing NO levels among the cutaneous environment of
dogs with atopic dermatitis.

In Conclusion, VAS scores exhibited a statistically significant
difference between days (p < 0.001) (table 1 and figure 2). To
evaluate the difference between days in detail, pairwise
comparisons between day 0 and the following days were
analyzed with Wilcoxon paired rank test. As a result of these
comparisons, a statistically significant difference was found
between day 0 and all other days (p < 0.05). Especially, the
p-values obtained on days 4, 6, and 8 were at the p < 0.001
level (Table 1). Mean and median Vas pruritus scores on day
0 vs. day 10 were 8.43 vs 8 and 1.07 vs 1.0, indicating the
efficacy of MB as a therapeutic response against pruritus in
dogs with atopic dermatitis.
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