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Abstract

Mapping the skin with various biophysical properties can demonstrate not only skin
condition but also organize a convenient approach to managing diseases. The aim of
this study, mapping of the regional alteration for 6 biophysical parameters with non-
invasive method. Totally 39 dogs [healthy (n=16) and canine atopic dermatitis (n=23)]
were enrolled. Skin pH, hydration, melanin, sebum content and temperature for pinna,
perilabial region, hind-fore feet (dorsal metacarpus-dorsal metatarsus), axillae, lateral
thorax/flanks, elbows, abdomen/inguinal and ventral tail were measured. Atopic dogs
exhibited more acidic skin (P<0.001) compared to healthy dogs, with the thorax/
flanks region showing significant regional differences (P=0.037). Hydration levels
were consistently lower in atopic dogs (P<0.001), with significant regional differences
observed in the abdominal/inguinal region (P=0.037). Skin temperatures were generally
higher in atopic dogs, with a significant increase noted in the tail (P=0.037), while
other areas showed no significant differences. Melanin and sebum content did not
exhibit significant regional variations. In conclusion, this study demonstrated regional
variations in biophysical parameters in atopic dogs using non-invasive measurements.
These findings provide valuable insights for understanding canine atopic dermatitis and
its management.
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INTRODUCTION

Canine atopic dermatitis (caD) is a chronic inflammatory,
multicomplex allergic/pruritic skin disease 2 that is
frequently encountered in dogs Pl caD was aroused
incidence/spatial distribution recognized for elevated
skin permeability ) and immune response >, Although
the pathophysiology of caD is not fully understood, it
was revealed that the skin barrier function is impaired,
allergens infiltrate the skin stratum, and the immune
system is activated leading to clinical symptoms 7%,

Various biophysical parameters using noninvasive technics
have been evaluated for human skin integrity *'. In dogs
skin integrity was mostly evaluated with transepidermal
water loss (TEWL) 112 Moreover, skin pH and
hydration are alternative parameters for assessment 713,
A pilot study related to the comparison of skin barrier
integrity with different methods among healthy and atopic
dogs claimed that pH and skin hydration could be better
biomarkers in contrast to TEWL .

As the largest organ of the body, the skin has most of its
functions including protection by providing a physical
barrier, sensation, heat regulation, and excretion in
addition to the secretion that controlling water and
electrolytes keeping !"*l. Mapping of the skin with various
biophysical properties can demonstrate not only skin
condition but also organize a convenient approach to the
management of diseases. In the present study, we aimed
to investigate skin hydration, sebum content, melanin,
temperature, and pH in the CADESI-4 specified body
sites related to caD with mapping of skin.

MATERIAL AND METHODS
Ethical Statement

Dogs presented to the Animal Hospital of the Veterinary
Facultyat Aydin Adnan Menderes Universityand diagnosed
with atopic dermatitis were included in this study. Ethical
approval was obtained from Animal Experiments Local
Ethics Committee of Aydin Adnan Menderes University
(No: 64583101/2024/22). Additionally, comprehensive
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Table 1. Inclusion/exclusion criteria of the study

Criteria

Healthy Dog | Atopic Dog

References

Inclusion criteria

Anamnesis and clinical signs
consistent with skin disease

at least one-year

L . Hensel et al.l'®)
clinical history

Favrot Criteria =

at least 3 criteria Favrot et al.!”)

Canine Atopic Dermatitis Extent
and Severity Index (CADESI-04)

=

>10 Olivry et al.l!

Exclusion criteria

o Atleast two weeks treatment history with topical and/or systemic antibiotics,
glucocorticoids, immunosuppressive and/or antipruritic therapy

. To be used shampoo or cleaning solution in the last twenty-four hours

. Concomitant endocrine disorders
. Gastrointestinal disease (dehydration)

information was provided to the owners of all dogs, and
written consent was obtained from them.

Study Population: Exclusion and Inclusion Criteria

Different ages, breeds and both sexes, to those of dogs 16
healthy and 23 with atopic dermatitis were enrolled in this
study.

The inclusion/exclusion criteria of healthy and atopic
dogs were presented in Table 1. Dogs were composed
of any history or clinical signs consistent with skin
disease. Within the diagnosis of atopic dermatitis, studies
by Favrot et al.'*! and Hensel et al.'®! as well as at least
one year of clinical history were considered. The clinical
index of atopic dogs was performed according to the
canine atopic dermatitis extent and severity index
(CADESI-4) 17,

Dogs were excluded if they had undergone at least two
weeks of topical or systemic antibiotic, glucocorticoid,
immunosuppressive, or antipruritic therapy, or if
they had recently used shampoo or cleaning solution.
Additionally, dogs with concurrent endocrine problems
and gastrointestinal disease related dehydration were
eliminated (Table 1).

Clinical Scoring with PVAS and CADESI-4

Pruritis score was recorded using the pruritus visual
analog scale (PVAS) as described previously by Hill et
al.t%. Briefly, The PVAS score was assessed by owners
to indicating the severity of the itching on the scale that
consists to 10 scales with 0 (no pruritus) to 10 (extremely
pruritus).

CADESI-4 was used for evaluating skin lesion severity
that were based on scaling of skin lesions (erythema,
lichenification, and excoriation/alopecia) on each of
20 body parts with none to severe four-point and it was
classified as mild (10 point), moderate (35 point) or severe
(=60 point) atopic dermatitis V).

Biophysical Parameters

Before the beginning of measurement, all parameter
cartridges were calibrated according to the manufacturer’s
instructions, and the calibration process was repeated in
the same procedure when necessary. Hydration, sebum
content, melanin, temperature, and pH parameters
were measured at three times at the body sites specified
CADESI-4 (hind-fore feet, axillae, perilabial region, pinna,
ventral tail, lateral thorax/flanks, elbows, hindlimbs,
abdomen/inguinal) by the same investigators and for each
body sites scored according to Olivry et al.l'l.

All parameters were assessed using the Corneometer
(°Callegari, Soft Plus, Italy). With dogs in lateral recumbency/
standing, the device probe was placed on both the right
and left body side without the abdomen/inguinal region
of the dogs. Measurements were obtained by placing the
probes at the specified body sites. The working principle
of all parameters was summarized in Fig. 1.

Skin hydration is based on a capacitive measurement
principle of the dielectric constant that changed with the
water of the skin. In addition to hydration, skin melanin
measurement is based on strength of the absorbed
and the reflected light at A1=875 nm, A2=660 nm. Skin
surface temperature is based on non-contact infrared
measurement.

pH | double cell electrode
@ capacitance method

Melanin

double wavelenght reflectance
photometer

=N

: (™)
L4

sebum | grease- spot photometry

Fig 1. Working principle of all biophysical parameters
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The skin surface pH was measured by a device probe that
worked with £1% accuracy based on double cell electrode
system. The probe was removed from the buffer solution
after it was kept at 24°C with 2 applications (a) activation
button and b) sensor. Then, it was contacted with the skin
by pushing it slightly forward with the activation button
at the same time. Analysis and measurement were carried
out in a very short time with a positive warning sound
from the device.

Statistical Analysis

Statistical analyses were conducted using SPSS’ Software
version 26 (IBM SPSS Inc., Armonk, NY, USA). The
normality distribution of continuous variables was
assessed using the Shapiro-Wilk test, and data were
presented as meantstandard error (SE). Mann-Whitney
U Test was utilized for comparing groups and Spearman
correlation were used for correlation analyses. A P-value
of less than 0.05 was statistically significant.

RESULTS
Demographic Data

Encountered total of 39 dogs were grouped as healthy
controls (n=16) and caD (n=23). Out of dogs with caD,
18 were pure-bred and other relevant 5 mixed-breed.
Pure-breed atopic dogs were consisted of French bulldog
(n=4), Pomerian (n=4), Pug (n=3), West Highland white
terrier (n=2), Yorkshire terrier (n=1), Golden retriever
(n=1), Border collie (n=1), Dogo Argentino (n=1), Toy
Poodle (n=1). The mean age was 3.9years (range 18
month-11years) of dogs with caD and 3.9 years (range 1-7
years) of healthy.

Regional Variation of the Biophysical Parameters

The overall results for the biophysical parameters
were summarized in Table 2 and the heatmap for the
visualization of group differences was shown in Fig. 2.

The mean pH, hydration, melanin, sebum and
temperature (°C) overall were 5.66+0.18, 27.60+1.44,
27.20+3.04, 16.92+1.77 and 34.11+0.46 in atopic dogs
versus 7.04+0.04, 43.38+2.73, 12.50+0.56, 38.52+1.75 and
32.61+0.23 in healthy ones, respectively. Considering the
total mean variable, all parameters of atopic dogs were
found to be significant compared to healthy (P<0.001). It
was revealed that skin pH was more acidic in atopic dogs
(P<0.001). Additionally, reduced hydration (P<0.001) and
sebum (P<0.001) but increased melanin levels (P<0.001)
and temperature (P<0.001) were observed in atopic versus
healthy dogs.

Hydration levels were consistently lower in atopic dogs
compared to healthy ones at all sites (P<0.001), but
the regional statistical difference was only obtained for
the abdominal/inguinal region (P=0.037). Considering

Table 2. Regional skin pH, hydration, melanin, sebum and temperature values of healthy and atopic dogs
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Fig 2. Heatmap colour visualization providing to the regional alteration of
the biophysical parameters by compared group

the regional distribution of pH in atopic dogs, it was
seemingly more acidic for all the regions (P<0.001),
however, a significant difference was only obtained for
the thorax/flanks with lower than compared to healthy
dogs (P=0.037). Although there was a statistical difference
for the mean temperature of atopic dogs as like others
(P<0.001), considering regional distribution, it was only
higher for the tail with 32.55+1.6 versus 32.4+0.6 at the
healthy (P=0.037). There was no significant regional
variation of melanin and sebum content in comparison to
the healthy group (P<0.05) (Table 2).

Clinical Scoring

Overall, moderate to severe clinical signs were observed
in the caD group according to CADESI-4 with the
mean score measured as 49.4 (11-180) with mild (n=18)
to severe (n=5). Additionally, the mean PVAS was
obtained at 7.6 (4-10). For the healthy group, CADESI-4
and PVAS scores were obtained as 0. No correlation
(P>0.05) was found between biophysical parameters and
the CADESI-4 severity or PVAS in a selected region of
atopic dogs.

Di1ScuUSSION

Canine atopic dermatitis is a complicated disease
originated from interactive relation between multiple
factors mostly related of allergy. All of factors induce caD
with disrupting the skin barrier function and leading
immunological response. There is increasing evidence,
primarily in humans but more recently in dogs, indicating
that an impaired skin barrier plays a significant role in

the pathophysiology of atopic dermatitis ">l There are
many clinical and immunological similarities including
the distribution of clinical lesions and exposure to
allergens through the skin between humans and dogs that
ensured the encouragement to research of skin barrier
distribution in caD Y. For this purpose, we aimed to
presented various skin biophysical properties including
hydration, sebum content, melanin, temperature, and
pH to being CADESI-4 specified body sites of dogs with
atopic dermatitis for evaluation of skin barrier integrity.
We indicated to alteration in the biophysical properties of
caD with mapping.

Skin barrier function with biophysical properties of atopic
dogs have been investigated by a few studies "?>%*]. Zajac
et al.??l was observed that skin erythema intensity,
hydration, and pH might be used for the evaluation of
skin lesion severity, although the correlation is limited.
In a more recent study performed by Cobiella et al.l”],
they compared three consecutive measurements of skin
hydration, pH, TEWL, skin absorbance and erythema
in the pinna, axillae, interdigital and inguinal region,
and they observed that those parameters were used
for evaluating skin barrier dysfunction. Conversely, in
the study essentially aimed to treatment efficiency of
probiotic containing spray on clinical assessment and skin
microbiota, they evaluated to skin barrier function. They
found to hydration for pinna was reduced after 28 days
treatment *’. In our data was shown that although mean
pH, hydration and sebum were downward tendency at all
sites (P<0.001), regional variation was not the same for
all parameters. The hydration for abdominal/inguinal, pH
for thorax/flanks and temperature for tail were differently
significant in caD compared with health dogs (P<0.05),
however, there was no importance at regional values
of sebum and melanin. In line with the investigations,
our research suggests that the primary non-invasive
parameters that serve as indicators of skin barrier
dysfunction are skin pH, hydration, and temperature.

Disrupted skin integrity is having a role on the
pathophysiology of caD 2! Skin barrier homeostasis
is mostly closely related to the network of microbiota,
immune, and chemical stimulant **!. In human atopy, pH is
known to play a regulatory role in this communication 2.,
caD was mostly found to be associated with increased
skin pH "% due to filaggrin dysregulation and bacterial
dysbiosis 1!l Controversially, it has been stated that there
are regional differences, as well .. In cited study, pH was
measured usually higher in atopic dogs for only 4 body
sites (inguinal, axillae, pinna and interdigital), however
difference was found only for axillae and the inguinal
region (P<0.05). Moreover, Oh and Oh ! was reported
to skin pH generally increased in 14 body sites without
footpad, interdigital areas, and ears of healthy dog before
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and after anesthesia. In our study skin pH was totally
measured as acidic of atopic dogs compared to healthy
(P<0.001) and only had statistical significance for thorax/
flanks (P=0.037). Similar to our study, it is stated that the
relationship between the decrease in pH and the high
abundance of S. aureus was influenced in a physiological,
microbiome, and clinical outcomes conducted on
cases with atopic dermatitis . Also, there are variable
functional discrepancy between species including dermal
cells and glands, enzymes or microbiome for maintaining
optimal skin function ?"*!. Epidermal gland type %),
hairless ), lesion 7! and enzyme secretion !/ play role
on the pH regulation as cited by previous studies. Breed,
age, time, excitement as other factors also have to be
affected on skin pH 1435,

Lower skin hydration and TEWL were caused by the
preventing of water flowing to the epidermis, otherwise
increased TEWL and decreased skin hydration resulted
from epidermal dehydration ©¢. In both scenarios,
reducing stratum corneum hydration results in dryness of
skin, and dry skin has been linked to pruritus 7. So, it
is seen that the high TEWL and low hydration state has
gained in characteristic features for atopic lesions %%,
Although a decrease in skin hydration and lower TEWL
have traditionally been regarded as markers of skin
integrity 1°¢, Cobiella et al.”! discovered that skin pH
and hydration were superior biomarkers. Decreased
skin hydration demonstrates to loss of cutaneous water
capacitance that is not desired for physiological activity
including epidermal cell proliferation and differentiation .
We observed more dehydrated skin compared with
healthy dogs (P<0.001). Also, the abdominal/inguinal
region indicated lower hydration compared to healthy
dogs (P=0.037). This finding was compatible with
a forementioned previous studies. It has been stated
that TEWL decreases in different animal species such as
horses MY, cats "2, and dogs. There are even statistical
differences between dog breeds 41, In our study,
regional water loss was examined with skin hydration in
16 dogs with atopic dermatitis of different breeds. The
effect of dog breed could not be investigated due to the
small number of animals.

Skin water loss is controlled by passive diffusion through
the epidermis, but at high temperatures, this transition is
greatly affected by sweat penetrating and diffusing into the
epidermis in mammalians ). Body temperature and age
affect skin hydration and pH in humans. These parameters
are also influenced by current skin temperature, blood
flow and immunity, as well as ambient temperature 1.
Indeed, skin temperature and TEWL are closely related
to the stimulation of sweat glands for secretion 7. The
skin temperature in dogs is generally ranged between
34.5 and 35.5°C ). In the present study, the mean skin

temperature was measured as 34.11+0.46 in atopic dogs
and it was only higher for tail compared to the healthy
group (P=0.037). According to Breathnach et al.**! there
were no differences in mean skin temperatures between
dogs with pododermatitis and healthy dogs. Our findings
indicate that while the mean skin temperature in atopic
dogs does not significantly differ from healthy dogs in
most regions, the higher temperature observed in the tail
area suggests a localized variation that may be relevant to
the pathophysiology of atopic dermatitis.

Considering the lesion of dogs with caD, affected body
sites are classically distributed at head, extremities,
axillae, and ventral abdomen ). Within years, typical
lesions and affected regions of caD have been evaluated
for both diagnosis and disease various clinical scorings
have been developed for following !"7***!. In our study,
body site lesions and pruritus evaluation and scoring
were performed with CADESI-4 [/l and PVAS 8. These
were used for assessing the relationship between clinical
findings and skin barrier at a given site. Observed by
Marsella et al.’'! CADESI-03 was found to be correlated
with TEWL and PVAS (P<0.05) without hydration.
Also, it was found that skin barrier evaluated parameters
(capacitance, pH, TEWL, erythema and absorbance)
had a low correlation with the CADESI-4 . Contrary
to expectations, our study found no correlation between
biophysical parameters and clinical scores (CADESI and
PVAS) in atopic dogs.

There are some limitations to this study, such as a limited
number of atopic dogs, differences in age, breed and diet
of dogs included in the study, as well as the inability to
demonstrate a clear relationship between the selected
biophysical parameters and the specific site of the lesion.

We generated a regional map of atopic dogs by non-
invasively measuring a range of biophysical parameters.
These fundamental measurements provide a foundation
to build upon for offering a practical approach to the
disease. Our findings suggest that these parameters could
be utilized to identify skin barrier dysfunction in dogs
affected by atopic dermatitis.
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