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Abstract
Importance: Atopic dermatitis (AD) is a common skin disease in 
dogs with a great impact in quality of life, especially when ears 
are affected because of the difficult application of lotion due to the 
lesions localization.

Objective: This study is aimed to examine the effect of topical 
lotion containing lactoferricin, glycerophosphoinositol lysine and 
verbascoside on canine atopic dermatitis. The topical lotion must 
be easy to use in ears of dogs under treatment.

Methods: 21 dogs with external otitis due to atopic dermatitis 
were treated for 14 days and monitored from day 0 to day 14 to 
ascertain the effect of the treatment with different parameters such 
as CADESI score, lichenification, excoriation, alopecia, pruritus and 
cytological analysis.

Results: The lotion here prepared showed the correct density 
and viscosity to be used in the dogs’ ears. Thanks to the easy 
application, all the 21 dogs were treated for the entire period without 
any complain. Moreover, in all treated dogs a clear decreasing in 
the clinical symptoms was observed. The cytological analysis also 
confirms the decrease of bacteria and yeast number.

Conclusion: This study demonstrates the efficacy of a treatment 
based on the administration of a lotion containing the active 
ingredients over described in reducing clinical symptoms of canine 
atopic dermatitis in dogs’ ears.
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Introduction
The prevalence of the atopic dermatitis (AD) in the general dog 

population is 3-15% it represents the diagnosis for up to 58% of 
dogs affected with skin disease [1,2]. Canine AD has been defined 
by Halliwell in 2006, as a “genetically predisposed inflammatory 
and pruritic allergic skin disease with characteristic clinical features, 
associated with IgE antibodies most commonly directed against 
environmental allergens” [3]. Indeed, genetic factors and familiar 

predisposition to the disease have been found to play a major role in 
its pathogenesis, although the full pathogenesis is still unknown. It is 
certain that the immunological aberration is usually associated with 
skin barrier dysfunctions [4]; pro-inflammatory cytokines, neuronal 
itch stimuli and the animal’s pruritic behaviors establish a vicious cycle 
of itch that perpetuates and potentially exacerbates the skin lesions 
and defects in the skin barrier function [5]. The initial clinical feature 
of canine AD is pruritus, which at the beginning may be associated 
with no lesion or with primary skin lesions such as erythema and 
occasionally papules [6,7]. The mediators that elicit the sensation of 
pruritus have not been elucidated, but histamine does not appear to 
be a mediator in dogs in contrast to humans and mice [8]. It is usually 
a life-long pathology which can be controlled, but it can be seldom 
cured. The diagnosis of canine AD does not require any analytical test, 
such as IgE determination and/or intradermal skin test, and it can be 
done on the basis of pruritus associated with skin lesions [5,9]. The 
skin lesions are usually associated with the detachment of corneocytes 
from live skin. Furthermore, the skin lesions are usually associated 
with the cytological presence and overgrowth of bacteria (mainly 
Staphylococcus) [10,11] and fungal or yeast (mainly Malassezia 
Pachydermatis) [11] in the damaged region, and it has been purpose 
that this overgrowth could be also responsible of most of symptoms. 
Due to the skin infection, canine AD often develops otitis externa and 
usually the signs of atopic otitis were noticed by the owners before the 
other signs of AD [9].

The treatment of the disease involves, among others, 
the administration of systemic anti-pruritic drugs such as 
glucocorticosteroids or cyclosporin, specific immunotherapy and 
topical treatment improving skin condition of the disease. Antibiotic 
local treatment could represent an effective route to reduce the most 
relevant symptoms and to limit the skin infection. The progress 
of treatment and the severity of symptoms can be monitored by 
assessing the intensity of pruritus [12], the intensity of skin changes 
with the “Canine Atopic Dermatitis Extent and Severity Index” 
(CADESI) method [13] and the cytological analysis. The topical 
treatment is long-lasting and atopic patients could receive medical 
care throughout their lives. For this reason, monitoring the progress 
of treatment is therefore crucial in therapy. 

Among all antibiotic agents, lactoferricin is a natural antimicrobial 
peptide which shows a wide range of activity against bacterial, fungal, 
viral, and parasitic pathogens [14,15]. It was discovered by a Japanese 
dairy company in 1992 which observed that bovin lactoferrin 
is cleaved by pepsin giving antimicrobial peptide [16]. Later, its 
structure has been elucidated: lactoferricin is a breakdown product in 
the gut of humans, which includes residues 17-41 of lactoferrin [17]. 
This is a very basic peptide which contains two tryptophan units and 
a disulfide bridge. The two tryptophan residues are very important 
structural motifs which confer the antimicrobial activity to the 
whole peptide [18,19], whereas the disulfide bridge is not essential. 
In vitro tests on lactoferrin and lactoferricin have demonstrated that 
the antimicrobial activity of the last is much higher than the first 
[16]. The different behavior could be explained in term of different 
structure, as determined by Hwang and coworkers in 1998 using 
NMR spectroscopy [20]. When the peptide is released from protein, 
its structure is converted from helix to beta turn structure, which 
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had taught to owners how to apply the topical lotion which had been 
applied in the ears daily (two times per day) in affected areas. 

Dogs were evaluated on days 0, 7 and 14. During the visit at 
day 0 and 14, the examination to ascertain different parameters was 
done. In particular, a score between 0 and 5 was assigned to each dog 
for different parameters: CADESI-03, lichenification, excoriation, 
alopecia. For the pruritus, a validated scale was used, ranging from 0 
to 10 where higher score means more severe pruritus [27,28]. 

For the cytological analysis, the number of detached corneocytes, 
bacteria and Malassezia was evaluated, assigning a score as illustrated 
in Table 1. 

During the entire duration of the study, possible adverse effected 
were recorded.

Statistical analysis

All the data were collected by the authors and analyzed using the 
Wilcoxon signed-rank test with Graph Pad Prism 6. The statistical 
significance was defined as p<0.05.

Results and Discussion
Lotion 36-months stability evaluation

Three dermatological lotion batches were prepared by dissolving 
in water all active ingredients (lactoferricin, verbacoside and GPI) 
together with all needed bulking agents and packed in high-density 
polyethylene bottles equipped with dispenser suitable for ear 
treatment. From the batches, some samples were stored to analyze 
stability during the first 36 months after production and the test 
results were summarized in Table 2.

The desired density and viscosity were obtained to allow an easy 
application of the dermatological lotion. Appearance and organoleptic 
properties practically remained unvaried regarding initial values. 
Density and pH values did not significantly change even at expiration 
time. On the basis of these observations, we can conclude that all 
parameters changes occurred during 36 months do not exceed the 
acceptability threshold. The product maintains satisfactory chemical, 
physical and organoleptic properties for a minimum period of 36 
months.

The evaluation of microbial contamination, carried out at the 
end of the observation period, shows that the defined microbiological 
requirements are respected after 36 months of storage at room 
temperature. 

Based on what has been previously discussed, it is possible to 
conclude that tested dermatological lotion has good long-term 
conservation stability at room temperature, without any significant 
alterations in terms of organoleptic and physic-chemical properties.

Clinical results

Samples from different batches of tested dermatological lotion 
were distributed to veterinarians. Total number 21 dogs, coming from 
different contexts, were selected for the study and dogs’ owners signed 

is probably a more efficient structure to bind bacterial membranes. 
Moreover, the lactoferricin structure seems to be able to bind bacterial 
general domains [20], acting against a wide variety of bacteria (both 
Gram- positive and negative) [15-19]. An important role is played, of 
course, by the basic feature of this peptide, indeed, the positive charge 
on its surface can electrostatically interact with lipopolysaccharide 
(LPS) contained in the outer membrane of Gram-negative bacteria and 
with teichoic acid layer present on the membrane of Gram-positive 
bacteria [19,21]. Lactoferricin is therefore a promising candidate as 
antimicrobial agent in local treatment of canine dermatitis.

Glycerophosphoinositol lysine (GPI) is a sunflower derived active 
ingredient with anti-inflammatory effects [22]. It has been shown that 
GPI can be used in cream or emollient formulation in the treatment 
of irritative and allergic dermatitis [23].

Verbascoside is a caffeoyl phenylethanoid glycoside has been 
reported to have strong anti-inflammatory, antioxidant, iron-
chelating and glutathione-S-transferasi-inducing activity; thanks to its 
properties verbascoside is able to promote skin repair and ameliorates 
skin inflammation [24-26].

Here, we report a study in which a combination of lactoferricin 
with verbascoside and GPI is used as active ingredients of a 
dermatological lotion for topical ear treatment of canine dermatitis.

Materials and Methods
All reagents were purchased by ACEF, except 

glycerophosphoinositol Lysine and verbascoside (Croda), 
Lactoferricin (BICT) and oleic acid (Tradeco). HDPE bottles tube and 
dispenser were purchased by Cosmar.

Lotion preparation

A solution of polysorbate 80 (500 mg), benzyl alcohol (800 mg), 
oleic acid (200 mg), Lactoferricin (27 g), Glycerophosphoinositol 
Lysine (1.2 g), Ethylhexylglycerin (700 mg), maltodextrin (16 mg), 
Tocopherol (80 mg), Syringa Vulgaris extract (verbascoside) (4 mg) 
and Magnesium aluminium silicate (250 mg) was added to a solution 
of glycerine (7 g), arginine (1.2 g), Carbopol (0.8 g) in water (160.25 
g). The mixture was stirred for 40 minutes, and then it was subjected 
to analytical control and packed.

Stability evaluation

In order to define product life and the proper storage conditions, 
stability tests were performed on the final lotion formulation. The tests 
were conducted on three different batches, packaged in corresponding 
50 mL white bottles tubes made in high-density polyethylene (HDPE). 
All batches were stored under routine storage conditions at room 
temperature of 25 ± 2°C and relative humidity of 60% ± 5%. The 
study duration was set at 36 months and all parameters were checked 
at month 0, 12, 24 and 36. Each time the following parameters were 
evaluated: appearance (opaque, fluid, beige gel, with a characteristic 
odor), pH of 10% w/w water solution, density at 20°C, viscosity at 
20°C, microbial contamination.

Dogs evaluation and treatment

21 dogs affected by allergic skin disease with lesions in the auricular 
zone have been included in the study. They were off antibiotics, 
antifungal and anti-inflammatory therapies for a minimum of 2 
weeks before inclusion. During the first examination veterinarians 

Score 0 Score 1 Score 2 Score 3
Mean number of 
cocci per field

0-1 2-5 6-9 >10

Mean number of 
yeasts per field

0-1 2-4 5-7 >8

Table 1: Cytological score assigned to cocci and Malassezia parameters.
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an informed consensus form. During the study period, no additional 
systemic or topical treatments were allowed, as well as in the 2 weeks 
before the start of the study. No protocol violation or lack in the 
compliance were reported for the entire time of this study, without 
any complain from dogs’ owner regarding the usage of the lotion, 
highlighting the realization of the goal to obtain a product easy to be 
used.

All dogs were accepted and included in the present study at 
the first visit (day 0), during which all clinical scores were recorded 
and the first local ear treatment has been administered. Owners 
repeated the treatment twice a day for two week. An intermediate 
visit, at day 7, was organized with the aim to evaluate the adverse 
reaction and to follow the adherence to the therapy. At day 14 all dogs 
were re-evaluated and final clinical scores were collected. The data 
collected during day 0 and day 14 was: CADESI score, lichenification, 
excoriation, alopecia, pruritus and cytological analysis. The data were 
collected, organized and statistically evaluated by authors.

As shown in Figure 1A, the variation of the CADESI score mean 
obtained from the 21 dogs at day 0 and day 14 was significantly 
different. The score frequency (Figure 1B) underlines the different 
distribution of the score between the different time points. It is clearly 
showed as CADESI score shifts, after treatments, towards low values 
also for those dogs affected by a severe disease. The most frequent 
CADESI value passed from three to one

However, CADESI score is an objective parameter able to 
summarize the severity of the skin lesion and it cannot be used to 
deeply investigate the action of this formulation. The severity of 
dermatitis has been therefore investigated more in detail analyzing 
also other concurrent symptoms such as lichenification, excoriation, 

alopecia and pruritus. The first three parameters have been assigned 
a degree between 0 and 5, whereas in the case of pruritus the degree 
ranged from 0 to 10. As shown in Figure 2, the treatment of the 
damaged skin with the lotion significantly reduces the mean degree 
value of all the considered parameters. The reduction in CADESI 
score is then due to a general reduction of all specific parameters.

For a completely objective analysis, the progress of treatment 
has been also monitored by assessing the cytological analysis and to 
evaluate the epidermis integrity, the number of detached corneocytes 
has been determined to monitor the evolution of the skin lesions. 
The 14-days treatment with the dermatological lotion, results in a 
significant decrease of the corneocytes number (Figure 3A) produced 
by the desquamation processes.

The presence of lactoferricin, GPI and verbascoside as active 
ingredients of lotion formulation, could be the reason of the observed 
reduction also in bacteria and Malassezia number in the damaged 
zone; the restoring action of the skin barrier function, exerted by 
active ingredients, could be at the base of this effect. During the first 
examination, both bacteria and Malassezia were present because 
of the epidermal barrier defect (Figures 3B and 3C); the treatment 
results in a significant decrease of the score assigned, in particular 
after 14 days, only in one case Malassezia yeasts were still present, 
whereas in all other dogs they completely disappeared. 

The reduction of Malassezia seems to be correlated, as expected, 
with the reduction of all symptoms summarized with CADESI score 
(Figure 4), confirming the involvement of these microorganism in 
the evolution of AD and the beneficial effect obtained with the active 
components present in this lotion formulation.

Figure 5 shows an example of the efficacy of this treatment. 

Figure 1: CADESI score mean (A) and frequency (B) for the 21 dogs obtained during the first examination (day 0, red column) and after 14 days of treatment 
(day 14, black columns). Data are shown as mean ± SD; ****p<0.0001.

Test Specifications Acceptance criteria Time 0 12 months 24 months 36 months
Appearance Opaque fluid gel Conform Conform Conform Conform

Colour Beige Beige Beige Beige Beige
Odor Characteristic Characteristic Characteristic Characteristic Characteristic
pH 5.80-6.30 5.82-5.84-5.90 5.85-5.86-5.92 5.87-5.89-5.96 5.89-5.90-5.98

Density (mg/mL) 1.018-1.026 1.024-1.024-1.022 1.024-1.024-1.022 1.024-1.024-1.021 1.024-1023-1.021
Viscosity (cP) 6.000-10.000 6.500-6.511-6.821 6.488-6.464-6.788 6.412-6.385-6.741 6.335-6.348-6.628

Total bacterial count <100 ufc/mL <100 <100 <100 <100
Total yeasts and molds count 

(TYMC)
<10 ufc/mL <10 <10 <10 <10

E. coli Absent in 1 g Absent Absent Absent Absent

Table 2: Results of stability tests of three lotion batches, each cell reports the parameters values of the three batches; when it is reported a single value, it means that 
the value is identical for all batches. 
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Figure 3: Mean score obtained for different parameters evaluated during the first examination (day 0, red column) and after 14 days of treatment (day 14, black 
column) A) Corneocytes B) Bacteria and C) Malassezia. Data are shown as mean ± SD; ****p<0.0001.

Figure 4: Trend of the CADESI and Malassezia score variation during the 
treatment.

Figure 5: Example of the treatment efficacy, the first picture was taken during 
the first examination (A) and the second one after 14 days of treatment (B).

Figure 2: Degree mean of different parameters: lichenification (A), excoriation (B), alopecia (C) and pruritus (D). The red columns represent the mean 
value obtained during the first examination (day 0) and the black columns the results after 14 days of treatment (day 14). Data are shown as mean ± SD; 
****p<0.0001.
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Conclusion
The present study demonstrates the efficacy of a formulation 

based on lactoferricin, glycerophosphoinositol lysine and 
verbascoside in AD treatment. The three active ingredients seem 
to exert their favorable action through the reduction of microbial 
and yeast contamination of the lesion. Moreover, the rheological 
characteristics and the simplicity of its use, make this formulation a 
good solution to reduce clinical symptoms of the external otitis due 
to atopic dermatitis. 
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