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I) Introduction
Dog skin disorders are among the most common health problems in dogs. Skin disorders in dogs have many 
causes, and many of the common skin disorders that afflict people have a counterpart in dogs. The condition 
of dog’s skin and coat can also be an important indicator of its general health. Dog skin disorders may be 
grouped into categories according to the causes. Skin disorders of dogs vary from acute, self-limiting problems 
to chronic or long-lasting problems requiring life- time treatment. They also need to be differentiated on the 
basis of being of primary or secondary (due to scratching, itch) in nature, making diagnosis complicated. The 
health and proper function of the skin is dependent on the health and proper function of the other organs in 
the dog’s body.

The diagnosis and treatment of skin diseases can be difficult and time consuming. Listed below are some 
common skin diseases and conditions that can affect dogs.

Seborrheic Dermatitis: is a common chronic inflammatory skin condition, characterized by scaling and poorly 
defined erythematous patches. It may be associated with pruritus, and it primarily affects sebum-rich areas, 
such as the scalp, face, upper chest, and back. Although its pathogenesis is not completely understood, some 
postulate that the condition results from colonization of the skin of affected individuals with species of the 
genus Malassezia (formerly, Pityrosporum)

Fungal Infections: These include Malassezia sp., dermatophytosis (ringworm) and dermal coccidioidomycosis. 
They are diagnosed by examining skin scrapings, laboratory cultures, and blood tests to identify antibodies. 
Treatments include antifungal shampoos and rinses in conjunction with topical and systemic antifungal drugs.

Bacterial Infection: Bacterial infection is a common, but usually secondary reaction to an underlying disease 
such as an allergy. Treatment for bacterial infection is usually a round of oral or topical antibiotics

Acute Moist Dermatitis or Hot Spots: The dog usually causes hot spots himself as he attempts to relieve the 
pain or itch.

Pyoderma: Pyodermas vary in severity and cover a wide range of infections that result in the formation of pus.

Allergic Inhalant Dermatitis or Atopy: Atopy is an extremely itchy skin disease caused by allergies to 
microscopic particles in the air. It is diagnosed by both clinical presentation and ruling out other causes such 
as ectoparasites

Ectoparasites (external parasites): External parasites like mites, fleas and ticks break through the skin and allow 
bacterial infections to occur. They can also cause allergic reactions. Afflictions are diagnosed by observation 
and examination of skin scrapings under a microscope. The type of parasite detected will dictate the treatment 
protocol, which is usually a regimen of anti-parasitic drugs and/or the use of medicated shampoos and rinses.

I) Seborrheic dermatitis: 
A common disorder of the skin, seborrheic dermatitis is characterized by the development of erythematous 
patches with yellow-gray scales that appear most often appear on the face, scalp, upper chest, and back. A 
milder variant is dandruff, which is manifested by dry, flaking scales on the scalp. The extent of involvement, 
as well as the severity of symptoms, helps to dictate treatment.
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EPIDEMIOLOGY
Estimates of the prevalence of seborrheic dermatitis are limited by the absence of validated diagnostic 
criteria as well as a grading scale of severity; however, as one of the most common skin disorders,2 it affects 
approximately 11.6% of the general population and up to 70% of infants in the first three months of life may 
have the condition. Among adults, the peak incidence is in the third and fourth decades of life.3 There appears 
to be an ethnic predilection, with few cases seen in African-Americans.4 Seborrheic dermatitis also occurs 
more frequently in patients with Parkinson’s disease and in patients treated with certain psychotropic drugs 
such as haloperidol decanoate (Haldol, Ortho-McNeil), lithium (Eskalith, GlaxoSmithKline, buspirone (BuSpar, 
Bristol-Myers Squibb), and chlorpromazine (Thorazine, GlaxoSmithKline).
Seborrheic dermatitis is one of the most common dermatoses seen in individuals infected with human 
immunodeficiency virus (HIV) infection, particularly those who have a CD4 T-cell count of below 400 
cells/mm3.5 Other medical conditions associated with an increased incidence of seborrheic dermatitis are 
neuroleptic-induced parkinsonism, familial amyloidosis, and trisomy 21.6–8
Clinical Presentation and Differential Diagnosis

Seborrheic dermatitis is characterized by the development of pruritic, erythematous patches with easily 
detachable, greasy large scales. Although it may appear in various anatomical locations, it tends to occur 
in areas that contain numerous sebaceous glands, such as the scalp, face, upper chest, and back (Table 1). 
Seborrheic dermatitis of the scalp commonly presents as dandruff, a milder eruption, characterized by smaller 
dry, flaking scales.

The diagnosis is generally a clinical one, with a strong emphasis on the patient’s history and clinical examination 
findings. A number of conditions may be confused with seborrheic dermatitis, such as psoriasis, atopic and 
contact dermatitis, and erythrasma. In addition, because of the similarities in distribution, seborrheic dermatitis 
can be easily confused with rosacea.

A skin biopsy is rarely needed to make the diagnosis, but it can be useful if the presentation is atypical. The 
differential diagnosis is presented in Table 2.
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PATHOGENESIS
The pathogenesis of seborrheic dermatitis is not completely understood, but there seems to be a strong 
association with skin colonization with yeasts of the genus Malassezia.9,10 These yeasts are present on the skin 
of affected individuals, and antifungal therapy that decreases the number of Malassezia organisms present has 
been shown to be effective in the treatment of seborrheic dermatitis.11

Although no correlation has been made regarding the number of fungal organisms and severity of disease, 
several hypotheses suggest the exact pathogenic mechanism used by Malassezia. The fact that there is a 
preponderance of disease in sebum-rich areas has led to the idea that fungal metabolites react with triglycerides 
released from sebaceous glands, producing an inflammatory mediator.11

Another theory is that the lipid layer of the fungus leads to keratinocyte production of proinflammatory 
cytokines, causing inflammation and the skin eruption.12 No genetic predisposition has been identified with 
seborrheic dermatitis.

Adverse Events: The adverse effects associated with topical antifungals (Table 5) are irritant contact dermatitis 
in a small percentage of patients as well as a burning or itching sensation and dryness in approximately 2% 
to 3% of patients.23 Because oral antifungal agents interfere with the CYP 450 system in the fungus, they 
may also interfere with the host CYP 450 system, limiting their practical use for the treatment of seborrheic 
dermatitis. Of the antifungals that work via the fungal CYP 450 system, itraconazole and fluconazole (Diflucan, 
Pfizer) have the weakest binding to human CYP 450 and consequently cause fewer adverse effects. Among 
the antifungal agents, ciclopirox is better tolerated and better accepted than ketoconazole.24
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Treatments: Tar has historically been the treatment of choice for many dermatological diseases. As early as 
1895, Kaposi showed its usefulness for seborrheic dermatitis.40 Its method of action likely involves its inherent 
antifungal properties as well as the ability to decrease the inflammatory response. Studies have also shown 
the ability of tar to reduce sebum production.41 Tar has been found to be equivalent to ketoconazole in its 
fungistatic properties,42 but concerns about its safety profile remain.

The use of tar commonly leads to the development of local folliculitis, contact dermatitis of the fingers, 
exacerbation of psoriasis in affected individuals, local skin atrophy, telangiectases, pigmentation, exfoliative 
dermatitis, and keratoacanthomas. Kaposi also described tar toxicity, consisting of nausea, vomiting, and tarry 
black urine when the substance was administered to small children, who commonly are affected by seborrheic 
dermatitis. There is also a possible association with an increased risk of malignancy, specifically squamous 
cell carcinoma.43 Therefore, a number of concerns are involved with the use of tar for treating seborrheic 
dermatitis.

For severe dry flaking, shampoos containing sulfur and salicylic acid are recommended to remove scales. For 
oily seborrhea, shampoos containing coal tar are effective and retard further scale production. And oatmeal 
as an ingredient to prevent irritation. Oats contain polysaccharides, which leave a protective film on skin, 
preventing dryness and itching. Oatmeal just may be one of the best remedies for itchy skin, and its gentle 
effects are a great alternative to many chemicals and over-the-counter itch treatments. From stopping itching 
to helping relieve insect bites and stings, from rashes to sunburns. Allantoin/coal tar shampoo is a keratolytic. 
Also, It works by slowing bacterial growth and loosing and softening scales and crust. Relieving itching, scaling, 
dryness, and flaking of the skin due to dandruff, eczema, psoriasis, and seborrhea. It may also be used for 
other conditions as determined by doctor.

II) A new animal model for the purpose of studying superficial infections is presented. In this model an infection 
is established by disruption of the skin barrier by partial removal of the epidermal layer by tape stripping and 
subsequent application of the pathogens Staphylococcus aureus and Streptococcus pyogenes. The infection 
and the infection route are purely topical, in contrast to those used in previously described animal models in 
mice, such as the skin suture- wound model, where the infection is introduced into the deeper layers of the 
skin. Thus, the present model is considered more biologically relevant for the study of superficial skin infections 
in mice and humans. Established topical antibiotic treatments are shown to be effective. The procedures 
involved in the model are simple, a feature that increases throughput and reproducibility. This new model 
should be applicable to the evaluation of novel antimicrobial treatments of superficial infections caused by S. 
aureus and S. pyogenes.

An important stage in testing the potential of chemicals as antimicrobial drug candidates is establishment 
of their effectiveness in an animal model system (12, 30). A useful animal model system should be clinically 
relevant, experimentally robust, ethically acceptable, and convenient to perform and should provide reliable 
and reproducible results. We report here on a new model in mice that fulfills these criteria. The tape-stripping 
model has been developed to test the effectiveness   of   topical   antibiotic   treatments    of   superficial   skin    
infections   caused    by Staphylococcus aureus or Streptococcus pyogenes. S. aureus and S. pyogenes are the 
most common causative agents of primary skin infections in humans (11, 17).

The existing mouse models for topical treatment of skin infections are the burnt skin model      (1, 32, 36) 
and the skin suture-wound model (5, 14). Either the bacteria are introduced into the skin by injection in a 
traumatized skin area, as in the burnt skin model, or a bacterium-impregnated nylon suture is implanted into 
an artificial wound (a scalpel incision through all skin layers), which is then sewn or stapled shut, as in the skin 
suture-wound model. The area of infection in these models is usually dorsally located to hinder grooming or 
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cleaning by the animal itself. Antibiotics dissolved in cream or ointment can be applied to the wound during 
the course of the experiment. At the experimental end point, the animal is killed, the infected area of the 
skin is cut out, and the number of bacteria in the sample is assayed (1, 5, 14, 32, 36). These mouse models for 
skin infections have some disadvantages in relation to superficial infections. The burnt skin model has been 
developed for studying issues related to infections in burn patients and is ethically unacceptable from an 
animal welfare perspective for the study of localized skin infections, such as impetigo and erysipelas. The skin 
suture-wound model involves cutting into the deeper layers of the skin and is thus not clinically relevant to 
purely topical conditions. Here we describe a new mouse model for superficial infections, the tape-stripping 
model. In this model a way of entry for the infectious agent is created by stripping off the fur and epidermis in 
a region on the back of the mouse by successive applications of an adhesive bandage.

In the development of this model, we used S. aureus and S. pyogenes as the infectious agents. Both bacteria 
are endemic in human populations and are regarded as opportunistic bacteria, usually causing infections 
in children, immunocompromised patients, or patients suffering from the effects of medical surgery (11, 
22, 35).S. aureus can be isolated from throat or nasal swab samples from approximately one-third of the 
population (2, 16, 26, 33, 34) and is also commonly found in the skin flora, together with related species, such 
asStaphylococcus epidermidis (6, 7). Topical infections due to S. aureus and S. pyogenes are clinically relevant 
and cause a variety of serious symptoms, including toxic shock syndrome and skin lesions (17, 31), that can 
progress to sepsis and systemic shock if they are left untreated (3, 10, 24). These bacterial species are also the 
most common causes of impetigo in humans (13, 17). The antibiotic used to test the model was 2% fusidic acid 
in ointment (FAO; Fucidin ointment). In vitro FAO shows high levels of activity against several gram-positive 
organisms and species of staphylococci in particular (19, 20, 23).

MATERIALS AND METHODS
Bacterial strains and growth media.
Staphylococcus aureus FDA486 is a laboratory strain previously used to study wound infections in rats (25). 
Streptococcus pyogenes 301 is a clinical dermal infection isolate obtained from the University Hospital in 
Uppsala, Sweden. The Dry SPOT Streptococcal Grouping kit (DR0400 M; Oxoid Ltd., Basingstoke, United 
Kingdom) was used to determine the Lancefield type of the streptococcal strain. The streptococcal bacteria 
were grown overnight anaerobically at 37°C on defibrinated horse blood agar before they were tested 
according to the manufacturer’s instructions. S. pyogenes 301 belongs to Lancefield serological group type A. 
The in vitro MICs of fusidic acid for these strains, as determined by Etest (AB BIODISK, Solna, Sweden), were 
as follows: S. aureus FDA486, 0.125 μg/ml andS. pyogenes 301, 4 μg/ml. S. aureus was grown in Luria broth and 
on Luria agar plates (Oxoid Ltd.). S. pyogenes was grown in Todd-Hewitt broth (Sigma Aldrich, Stockholm, 
Sweden) and on blood agar plates made by mixing 5% (wt/vol) defibrinated horse blood (National Veterinary 
Institute, Uppsala, Sweden) with Luria agar. S. aureus was grown aerobically at 37°C, and S. pyogenes was 
grown anaerobically (10% CO2) at 37°C.

Tape-stripping infection model.
 
Animal infection experiments were performed at the Microbiology and Tumor Biology Center, Karolinska Institute 
(Stockholm, Sweden), in accordance with institutional and national guidelines (ethical permit N154/02). Six- to 
8-week-old female BALB/c mice (Taconic M&B, Ry, Denmark) were used for all experiments. The mice were 
anesthetized by intraperitoneal injection of 10 ml/kg of body weight of a 1:1:2 (vol/vol) mixture of Hypnorm 
(fentanyl/fluanisone; Janssen-Cilag Ltd., Saunderton, United Kingdom)-Dormicum (midazolam; Hoffman-La 
Roche AG, Basel, Switzerland)-distilled water. The fur was stripped from the mice with Tensoplast (Smith & 
Nephew Medical, Hull, United Kingdom), an elastic adhesive bandage. An area of ca. 2 cm2 was tape stripped. 
In order to standardize the degree of barrier disruption elicited by the tape stripping, the transepidermal 
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water loss (TEWL) was measured by using a DermaLab TEWL probe (Cortex Technology, Hadsund, Denmark). 
Measurements were made according to the guidelines of the Standardization Group of the European Dermatitis 
Society (27). TEWL is calculated automatically and is expressed in g/m2 h. By tape stripping the back of the 
mice 7 to 10 times in succession, the TEWL reached approximately 70 g/m2 h. Following this procedure, the 
skin became visibly damaged and was characterized by reddening and glistening but no regular bleeding. 
Microscopically, this procedure resulted in the controlled removal of most of the epidermal layer, with only a 
few basal epidermal cells remaining. After stripping of the skin, a bacterial infection was initiated by placing 
on the skin a 5-μl droplet containing 107 cells concentrated from an overnight bacterial culture in stationary 
phase. In each experiment, a group of mice were killed 4 h after infection to control the infectious dose (Table 
(Table1).1). The mice were treated with FAO (LEO Pharma, Ballerup, Denmark) on a regular basis, as described 
here. This dose gave a significant reduction in the numbers of CFU in preliminary dose-finding studies (0.5%, 
1%, and 2% fusidic acid) and is the dose recommended by the manufacturer for human use. The first application 
of antibiotic to the stripped skin of the mice was at 4 h postinfection. Thereafter, beginning at 16 h after the 
first treatment, additional antibiotic applications were made twice daily (in the morning and the evening, with 
an 8-h interval) for a period of 4 days. For each treatment 25 to 30 mg of ointment was applied (estimated 
by weighing the pellet of ointment on a spatula). After each day the ointment tube was weighed to determine 
the average amount of ointment used for each mouse. Two infection control groups were included for each 
experiment: one consisted of untreated mice and the other consisted of mice treated with placebo ointment. 
The placebo ointment was identical to FAO except for the lack of the 2% fusidic acid. For all experiments in 
which untreated or topically treated groups were included, the experiments were terminated 18 h after the 
last topical treatment in order to avoid carryover effects in vitro. The addition of fucidinase (2.5 units per 
sample) to the homogenized samples did not influence the numbers of CFU, showing that 18 h is sufficient 
to avoid a carryover effect. Immediately after the mice were killed, the wounds, approximately 2 cm2, were 
excised and homogenized together  with  1  ml  of phosphate-buffered saline in stomacher lab system bags 
by using a Stomacher 80 machine (Seward Ltd., Thetford, United Kingdom) set at 260 strokes per min for 
120 s. The homogenates were washed once in phosphate-buffered saline to decrease the concentration of 
ointment. Suitable dilutions of the homogenates were plated on Luria agar (S. aureus) or blood agar (S. 
pyogenes) plates to determine the number of living bacteria (CFU). In order to investigate the reproducibility 
of the infection with S. aureus and S. pyogenes, three independent experiments that included untreated and 
placebo-treated groups were performed. In each experiment the mean CFU was calculated by using log10-
transformed data. Based on the averages of these three experiments, the mean, range, and coefficient of 
variation were calculated.

Bacterial counts obtained in the various treatment groups Suture-wound model.
The established skin suture-wound model was carried out as described previously (14).
Histological examinations:In order to characterize the histopathology of the model, biopsy specimens were 
taken after the following treatments: immediately after tape stripping, 4 days after tape stripping, and 4 
days after inoculation with S. aureus and S. pyogenes with and without treatment with placebo ointment. 
Immediately after the animals were killed, 5-mm punch biopsy specimens of excised skin were taken and 
immediately fixed in phosphate-buffered (pH 7.4) formalin (4%). The formalin-fixed biopsy specimens were 
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embedded in paraffin and stained with hematoxylin and eosin. For identification of the bacteria, the biopsy 
specimens were stained with Gram’s crystal violet solution (94448; Sigma-Aldrich). The following parameters 
and semiquantitative scoring system were used to describe the inflammatory response: for scoring of the 
inflammation (in the dermis, subcutis, muscular tissue, and connective tissues), 0, no inflammation present; 1, 
little inflammation present; 2, moderate inflammation present; and 3, severe inflammation present; for scoring 
of the presence of neutrophils, 0, no neutrophils present; 1, a few neutrophils present; 2, moderate occurrence of 
neutrophils; and 3, abundant occurrence of neutrophils; for scoring of the presence of mononuclear leukocytes, 
0, no mononuclear leukocytes present; 1, a few mononuclear leukocytes present; 2, moderate occurrence of 
mononuclear leukocytes; and 3, abundant occurrence of mononuclear leukocytes; for scoring of presence of 
bacteria, 0, no bacteria; 1, scattered bacteria; 2, moderate numbers of bacteria; and 3, many large collections 
of bacteria. The observer was blinded to the treatments for all biopsy specimens.
 
Behavioral responses of mice.
The mice were observed at least twice each day for signs of fatigue, stress, and aggressiveness. The mice were 
weighed before and after each experiment.

Statistical analysis.
Statistical analysis of the log10-transformed data was performed to ensure variance homogeneity and normality. 
Thus, an analysis of variance (generalized linear models [8]) was applied, followed by four predefined pairwise 
treatment comparisons adjusted for multiplicity by the Bonferroni method (18), yielding a statistical ranking. 
Furthermore, to ensure robustness in the analysis performed, the nonparametric Kruskal-Wallis approach 
(21) was used. The method showed no conclusive dissimilarities to the generalized linear models approach. 
All testing was performed on an overall 5% significance level, meaning that P values less than 0.05 were 
considered a statistically significant difference. All calculations and analyses were performed with SAS version
8.2 (SAS OnlineDoc; SAS Institute Inc., Cary, NC). Log10-transformed data are presented as the mean and 
standard deviation (SD) in Table Table1,1, whereas actual values and corresponding median values are presented 
in the figures.

RESULTS
Establishment of staphylococcal infection.
The number of CFU recoverable from the wound 4 h after  application  of  107  CFU  of S.  aureus FDA486 was 
7.03 ± 0.37 log10 (Table (Table1).1). The different treatment regimens were begun after this initial 4-h period. 
There was no significant difference (P = 0.05) in the numbers of CFU per wound when 4 h versus 4 days of 
placebo treatment were compared (6.05 ± 0.31 log10). This is evidence of the successful establishment of 
a staphylococcal infection in this model. There was a slightly greater reduction in the numbers of CFU per 
wound that was statistically significant (P = 0.01) when 4 h versus 4 days of no treatment (5.89 ± 0.64 log10) 
were compared. The differences between the 4-day placebo treatment and 4 days of no treatment were not 
statistically significant (P = 1.00).
Effect of fusidic acid treatment on staphylococcal infection.
Tape-stripped mice infected with S. aureusFDA486 were treated with FAO to test the efficacy of a topical 
antibiotic treatment in the new model (Fig. (Fig.1).1). Comparison of placebo (6.05 ±
0.31 log10) and FAO (4.68 ± 0.78 log10) treatment of the staphylococcal infection revealed a reduction in the 
numbers of CFU per wound that was statistically significant (P < 0.001).
 

SCIENTIFIC DATA:  
ANTIPARASITIC & ANTISEBORRHEIC SHAMPOO



3201 SW 42nd Street, Ft. Lauderdale FL, 33312 | phone 954.525.1133 fax 954.525.6461 | www.synergylabs.com 8

Establishment of streptococcal infection. The number of CFU recoverable from the wond 4h after application 
of approximately 107 CFU of S. pyogenes 301 was 6.48 ± 0.29 log10 (Table (Table1).1). Comparison of the 
numbers of CFU after 4 h and 4 days of placebo treatment (6.15 ± 0.57 log10) revealed no significant difference 
(P = 1.00). In contrast, comparison of the numbers of CFU at 4 h and 4 days without treatment (3.21 ± 1.62 
log10) revealed a significant reduction  (P < 0.001). Comparison of the placebo and the untreated groups 4 
days after infection confirmed the significance of the reduction in the numbers of CFU in the latter group (P 
< 0.001).

Effect of fusidic acid treatment on streptococcal infection.
Comparison of placebo and fusidic acid treatments for the streptococcal infection (Fig. (Fig.2;2; Table Table1)1) 
revealed a very significant effect (P < 0.001) of the antibiotic in clearing the infection. Thus, the mean CFU 
count after the 4-day FAO treatment (2.04 ± 1.31 log10) was reduced more than 4 log10 compared with that 
after the 4-day placebo treatment (6.15 ± 0.57 log10). Statistical comparison of the 4-day FAO treatment 
group and the 4-day untreated group showed that there was no significant difference (P > 0.05)

SCIENTIFIC DATA:  
ANTIPARASITIC & ANTISEBORRHEIC SHAMPOO



3201 SW 42nd Street, Ft. Lauderdale FL, 33312 | phone 954.525.1133 fax 954.525.6461 | www.synergylabs.com 9

Reproducibility of the model. The reproducibility of the midel was assessed in three independent experiments, 
each of which included both S. aureus and S. pyogenes, with untreated and placebo- treated mice. The 
coefficients of variance (CVs) for the untreated mice were 18% (mean, 6.09 log10; SD, 1.10 log10) for those 
infected with S. aureus and 36% (mean, 3.96 log10; SD, 1.41 log10) for those infected withS. pyogenes. The CVs 
for the placebo-treated mice were 30% (mean, 6.21 log10; SD, 1.86) for those infected with S. aureus and 12% 
(mean, 6.62 log10; SD, 0.81 log10) for those infected with S. pyogenes.

Histological examination of infected and noninfected mice.
The results for the scores of the inflammatory response, infiltrating neutrophils and mononuclear leukocytes, 
and the presence of bacteria are presented in Table Table2.2. The tape-stripping procedure removed most of 
the epidermis, although a single layer of epidermal cells or scattered epidermal cells remained. Most of the 
remaining epidermal cells were necrotic. A minimal inflammatory response was evident immediately after 
tape stripping, and except for the missing epidermis, the skin appeared normal. Four days after tape stripping 
an acute subcutaneous phlegmonous inflammation with fibrin deposition and edema was observed with the 
infiltration of a few neutrophils. The inflammation was most pronounced in the subcutaneous and connective 
tissues. Inoculation of both S. aureusand S. pyogenes induced a late stage of subcutaneous fibrinoid necrosis 
after 4 days, with a few neutrophils mainly seen as nuclear dust deep in the subcutis (Fig. (Fig.3).3). In addition 
to neutrophils, the inflammatory cell infiltrate consisted of mononuclear cells, including lymphocytes and 
histiocytes. The inflammatory response was most intense in the subcutaneous tissues. For both mice infected 
with S. aureus and mice infected   with S. pyogenes, the presence of bacteria (Fig. (Fig.4)4) was less evident 
in the untreated mice than in placebo-treated mice and the skin appeared dry compared to the skin of the 
placebo-treated mice. In some of the infected animals, fibrosis and remarkable regeneratory changes were 
observed in the subcutaneous tissue.

Histological   appearance   of   normal   dorsal   skin   of   mice   (A;   magnification,   ×100)   and Staphylococcus 
aureus-infected skin lesion (B, magnification, ×100; C [boxed area in panel B], magnification, ×200; D 
[boxed area in panel C], magnification, ×1,000) on day 4. Biopsy specimens were taken immediately after 
the termination of the experiment, fixed in formalin, and embedded in paraffin. The biopsy specimens were 
stained with hematoxylin and eosin. The inflammatory cell infiltrate consists of mononuclear cells, including 
lymphocytes, histiocytes, and, to lesser extent, neutrophils. The inflammatory response is associated with 
marked fibrosis, edema, and fibrin deposition. Coccoid bacteria are present. The epidermal layer is absent 
in the infected lesions. Numbered arrows indicate the following: 1, epidermis; 2, dermis; 3, muscular layer; 4, 
bacteria; 5, fibrin deposition; 6, inflammatory cell infiltrate
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Staining of gram-positive bacteria in Staphylococcus aureus-infected skin (magnification, ×1,000) on day 4. 
Biopsy specimens were taken immediately after the termination of the experiment, fixed in formalin, embedded 
in paraffin, and stained with Gram’s crystal violet solution. Coccoid bacteria are present in the superficial layers 
of the dermis (arrows).
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Behavioral responses of the mice. No abnormal behavioral patterns, such as fatigue, stress, or aggressiveness, 
were observed among the mice at any time during the course of these experiments. The mice gained, on 
average, 0.5 g of weight during the experiment, with no differences between the various test groups. A small 
fraction (2 of 48) of the mice displayed signs of deeper infections, with necrotized tissue and softening of the 
backbone skeletal structure (data not shown)

DISCUSSION
We have established a new model for superficial skin infections caused by S. aureus and S. pyogenes which 
we suggest to be a relevant and useful model for localized skin infections in humans. In contrast to previously 
described models for skin infection (1, 5, 14, 32, 36), the infection route in our model is topical. Partial removal 
of the epidermal layer of the skin allowed both S. aureus and S. pyogenes to colonize the skin and to elicit 
a profound inflammatory response. TEWL, which is a measure of skin barrier integrity, was used in order to 
ensure that the same degree of barrier disruption was achieved in all the mice and, thereby, to increase the 
reproducibility of the model.

The infection was maintained throughout the 4-day duration of the experiment (placebo groups). Thus, in 
the placebo groups, from an initial infection with 107 bacteria of either species, the number of CFU recovered 
from each wound dropped by less than 1 log10 over the course of the 4-day treatment. Topical treatment 
with FAO significantly reduced the numbers of S. aureus and S. pyogenes CFU recoverable after the 4-day 
treatment (Fig. (Fig.11 and and2;2; Table Table1),1), showing that an established topical treatment is effective 
in the model. For both S. aureus and S. pyogenes, the numbers of recoverable CFU were different when the 
mice were left untreated for 4 days and when the mice were left untreated for 4 h (Table (Table1).1). For S. 
aureus this number was significantly higher (1.2 log10; P < 0.001) than that for the fusidic acid-treated group. 
For S. pyogenes the number of bacteria was also 1.2 log10 higher in the untreated groups than in the fusidic 
acid-treated animals, although this difference was not significantly different (P > 0.05). A plausible explanation 
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for this is that S. pyogenes grows best under microanaerobic conditions (17) and that such conditions are 
more closely approximated by the presence of ointment in this assay. The genetic background of the BALB/c 
mice may also explain the reduced number of streptococci in the untreated group, as BALB/c mice have been 
shown to be much more resistant to group A streptococci than C3H/HeN mice (15). However, the use of more 
susceptible mouse strains may lead to an unacceptably high mortality rate, as observed in C3H/HeN when 
they are exposed to streptococci. In our model, BALB/c mice were used because the dominating agent in 
superficial infections, S. aureus (11, 17), colonized these mice well. BALB/c mice are also considered relevant 
because they respond immunologically to the superantigens (staphylococcal enterotoxin B) produced by S. 
aureus (29).

A pronounced and significant reduction in the numbers of CFU was achieved following 4 days of treatment 
with FAO. However, complete eradication of the staphylococci and streptococci was not reached after 4 days 
of treatment. This was expected, as superficial infections normally should be treated for 7 to 10 days in order 
to obtain a successful outcome (13). The fact that the infection was not cleared after this time allows the model 
to be used to compare various antimicrobial treatments with FAO.

Histologically, inoculation with S. aureus and S. pyogenes induced a pronounced acute inflammatory response 
characterized by the presence of neutrophils, lymphocytes, histiocytes, and fibrin deposition. The inflammatory 
response included most of the layers of the skin. Considering the histology of the infection caused by the 
staphylococci and streptococci, it most resembles that of human erysipelas, except that our model lacks 
the epidermal layer. Erysipelas is an acute bacterial infection of the dermis and subcutaneous tissues that is 
associated with clinical inflammation. Erysipelas is generally caused by group A streptococci (4). The model 
has less resemblance to the histology of impetigo, which is a contagious superficial pyogenic infection of the 
skin caused by S. aureus and S. pyogenes. In impetigo, the epidermis splits just below the stratum granulosum 
and large subcorneal pustules are formed, and these may also contain bacteria.

The upper dermis contains an inflammatory infiltrate of neutrophils and lymphocytes (9). In our murine model, 
the formation of subcorneal pustules does not occur. We propose that our model would be a relevant disease 
model for localized skin structure infections caused by S. aureus or S. pyogenes, which can occur following 
skin barrier disruption.

The disruption of the barrier by using tape stripping resulted in a homogeneous removal of the upper epidermal 
layers in all the biopsy specimens examined immediately after tape stripping. Considering the numbers of 
CFU, the reproducibility of the model is acceptable, in that it has CVs that ranged from 12% to 36%, depending 
on the strain and the treatment.

The tape-stripping model presented here is relatively painless and nonintrusive for the animal. It is technically 
quick and simple to perform, with only a few uncomplicated steps involved in preparing the animals for 
treatment. In the process of validating this new model, we also performed some preliminary experiments 
using the established skin suture-wound model (14). In our hands, the throughput time per mouse (the total 
time taken to prepare a wound and inoculate it with bacteria) was approximately 2 min for the tape-stripping 
model, whereas it was at least 20 min for the skin suture-wound model. The reduction in the time required 
to process each animal by use of the tape-stripping model relative to that required by use of the skin suture-
wound model provides a significant advantage when one is dealing with many animals. Considering the 
reduction of the numbers of CFU following treatment with FAO, the efficacy of fusidic acid is in agreement 
with those detected in previous investigations of FAO, e.g., by use of the skin suture-wound model (14, 28). 
Also, the variability in the model appears to be comparable to that detected in previous studies with the skin 
suture-wound model (14).
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In conclusion, partial removal of the epidermal layer of BALB/c mouse skin by tape stripping allows S. 
aureus and S. pyogenes to colonize the skin, and this colonization is associated with an inflammatory host 
response, as determined by histology. Infections with both S. aureus and S. pyogenes can be treated by 
topical administration of FAO. The model is simple and reproducible and can be used for the evaluation of new 
antibiotic treatments for superficial skin infections. The model may also be advantageous for studies of the 
mechanisms involved in superficial skin infections.

III) The Art Of Shampoos In Veterinary Dermatology: Treatment And Prevention Strategies
Topical therapy (locally acting) is extremely important in the management of many dermatological conditions. 
Several formulations are available for the prescribing veterinary surgeon: shampoo, lotion, spray, ointment, 
cream, milk and gel. Choice varies according to the case and must take into account the nature and extent 
of the lesions, animal’s temperament and owner time available. Shampoos are nowadays widely used by 
veterinary dermatologists.

Shampoos: What are they, how do they work, how to use them?
A shampoo is an aqueous solution, with added surfactant(s), cleansing agents and various other therapeutic 
and/or cosmetic agents. Cleaning agents rid the skin surface of debris and help clear the apical pole of hair 
follicles.

Washing the skin with a topical cleanser should always precede actual topical therapy. Ideally, a shampoo 
possessing both cleansing and therapeutical properties should be applied twice.

A shampoo can be used in a limited area (eg chin, feet, dorsolumbar, ventral areas), as in humans for the hairy 
skin, or more commonly all over the body surface of a dog or a cat for treating generalized conditions.

The mechanical effect (elimination of scales and crusts) of the bath is beneficial in all cases. Water rehydrates 
the stratum corneum although this effect is temporary in the absence of moisturisers.

At the second application, the shampoo must be left on for several minutes, to allow the active ingredients to 
be properly absorbed and reach adequate levels in the deep cellular layers. This length of time varies between 
5 and 15 minutes according to choice of product, concentration, type of base, and the skin condition. The skin 
should then be rinsed thoroughly, for at least 5 minutes, to prevent irritation and to enable the skin to become 
adequately hydrated.

The shampoo may be applied several times a week for 2 weeks. The frequency is then reduced to give the 
longest interval over which treatment is still effective, usually about 1 to 2 weeks.

Efficacy of shampoo therapy
Clinical improvement is the main criterion to evaluate the efficacy of shampoos (see below for efficacy in 
specific indications) (2). Their use has increased greatly in North America over the past 25 years, but they have 
been slow to gain acceptance in Europe (3). However, they are now widely used in the old continent, despite 
the fact that they were considered as contraindicated and even harmful by many teachers in veterinary schools 
in the 60’s, who recommended “not to wash dogs”. This was a mistake and has probably delayed considerably 
View pictures View other presentations the use of medicated shampoos, which is now considered as being 
indispensable by the veterinary dermatology community.

The efficacy of shampoos on skin hydration, the surface lipid film and stratum corneum (interesting in case of 
keratoseborrhoeic disorders) can be evaluated objectively using a variety of techniques : transepidermal water 
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loss (TEWL) measurement, corneocyte counts, measurement of corneal layer thickness, stripping, chemical 
analysis of lipid film, water content measurement, surface biopsies and corneometry (4-8). In one study (7) 
corneometry, but not TEWL measurement, was found to give reproducible results. In another study, results 
from TEWL measurement, corneometry and sebometry were not reproducible and these procedures were 
therefore deemed to be useless in evaluating effects of topical treatments in the dog (8). Electron microscopy 
could perhaps be useful (9).

In recent years, there has been considerable progress in improving topical formulations, especially in prolonging 
the action of active ingredients applied to the skin. Microencapsulation (multilamellar microvesicles, liposomes, 
spherulites) increases bioavailability of therapeutic agents and promotes immediate and residual moisturising 
properties. Active agents are released from liposomes by membrane rupture. Spherulite surfactants are 
amphiphilic (two antagonistic extremities – one hydrophilic, the other hydrophobic). They unit to form 
lamellar phases and are arranged in concentric layers according to a specific manufacturing process. They are 
multilamellar, each membrane acting as a diffusion barrier to reduce loss of active ingredients to the external 
environment. They can act as a vehicle for a great number of active agents, hydrophilic or hydrophobic 
(lipophilic), released continuously and progressively at the surface of hairs and skin. This surfactant formulation 
is very useful in dermatology because it allows hydrophilic, active ingredients access to an oily environment 
and conversely hydrophobic, active ingredients access to an aquatic medium. The type of surfactant varies. 
In some cases (cationic surfactants), their charge is positive and spherulites attach preferentially to hairs and 
skin, whilst in other cases (non-ionic surfactants), the charge is neutral, allowing spherulites to penetrate the 
deeper skin layers. A study has demonstrated that non-ionic spherulites can penetrate the epidermis, hair 
follicules, sebaceous glands and dermis (10). The presence of chitosanide reinforces the cationic phase and, 
by creating a film sheath over the hair, promotes excellent moisturising properties.

A new veterinary formulation (micro-emulsion), with excellent solubility of active ingredients, has recently 
become available.

The use of shampoos in keratoseborrhoeic disorders (11)

1 Keratomodulating agents Keratomodulating agents work in two different ways :
 
- restoration of normal keratinocyte multiplication and keratinisation. A cytostatic effect is probably exerted 
on basal cells, thereby reducing their rate of division. Agents working in this way are called keratoplastic 
(keratoregulating) ;

- elimination of excess corneal layer production, either by increasing desquamation or by reducing intercellular 
cohesion. Agents that work in this way are called keratolytic.

There are several types of keratomodulating agents. There are also antiseborrhoeic agents which act at the 
level of the sebaceous gland and its duct (1,12,13).

Salicylic acid is a keratolytic agent. It causes a reduction in skin pH which leads to an increase in:

1) the amount of water that keratin is able to absorb. Stratum corneum hydratation is therefore also increased ;

2) desquamation, via direct effect on intercellular cement.

These actions help soften the corneal layer. Salicylic acid acts synergistically with sulphur, and is often present 
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in small quantities in shampoos. Its efficacy varies with concentration.

Coal tar is a keratoplastic (cytostatic) agent. It reduces nuclear synthesis in the epidermal basal layers (13,14). 
It is also antiseptic and antipruritic. There are many different sources and varieties of this active agent. Tar 
is a complex mixture of aromatic hydrocarbons, with many constituents (more than 10,000). It is hard to 
determine which is (are) responsible for therapeutic effects. Standardisation is therefore difficult, and good 
quality preparations must be used. Smell and consistency of commercial preparations sometimes make it 
difficult to use, although deodorised veterinary preparations are now available. Side-effects (e.g. skin drying, 
discolouration of pale coats and irritation) have been reported with high concentrations (over 3 %) (1). Its use 
is contraindicated in the cat.

Sulphur is keratolytic. If forms hydrogen sulphide in the corneal layer and has numerous other, mainly 
antiseborrhoeic, properties (see below). It is also keratoplastic, due to a direct cytostatic effect and possibly 
because it interacts with epidermal cysteine to form cystine, an important component of the corneal layer 
(3,12-14). It is gradually being replaced in topical products by other more effective keratomodulating agents 
with fewer side-effects (e.g. a rebound increase in scaling).
 
Selenium disulphide is keratolytic and keratoplastic (reduced epidermal turnover and impaired disulphide 
bridge formation in keratin). It is also antiseborrhoeic (see below) (3,12,13). It too can cause rebound increase 
in scaling and sometimes skin irritation.

Ammonium lactate has keratoplastic and keratolytic activity. In the management of human seborrhoea, it 
has been show to be effective in removing excessive scale by virtue of its keratoplastic activity (15-18). Its 
mechanisms of action in seborrhoeic disorders have not yet been completely elucidated but it seems to 
stimulate the living epidermis, correcting defects in keratinocyte multiplication and maturation. This facilitates 
terminal keratinocyte differentiation, leading to more normal desquamation (19,20). Its properties are useful in 
seborrhoeic disorders where the ammonium lactate has important moisturising properties (17,18,20). Several 
clinical studies in man indicate that this substance is very well-tolerated, even when used over prolonged 
periods (15-19).

2 Antiseborrhoeic agents Antiseborrhoeic agents inhibit or reduce sebum production by the sebaceous glands, 
and help clear the ducts.

Sulphur (see above) is a classic antiseborrhoeic agent, but is drying and may trigger a rebound effect. It is 
also antiseptic. It exerts synergistic activity with salicylic acid. This synergism appears optimal when both 
substances are incorporated into the shampoo in equal concentrations (21).

Selenium disulphide (see above) is antiseborrhoeic, but also has detergent, irritant and drying effects. It is 
contraindicated in the cat. Benzoyl peroxide, in addition to being antibacterial, is antiseborrhoeic, thanks 
to sebum hydrolysis and reduced sebaceous gland activity. One study showed that 3% benzoyl peroxide 
shampoos increase transepidermal water loss and decrease skin surface lipid concentration and corneocyte 
counts (6). Benzoyl peroxide exerts a follicular flushing action which is very useful when treating comedone 
disorders and/or follicular hyperkeratosis (3,4,13,22). Sideeffects (irritations, erythematous rash) have been 
reported especially in concentrations above 5% (4). The skin may also become dry and emollients are therefore 
always indicated after using this product.

3 Essential fatty acids Various veterinary shampoos have incorporated essential fatty acids for their softening 
and moisturising properties. One study has demonstrated that in seborrhoeic dogs, abnormal transepidermal 
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water loss could be corrected by applying linoleic acid (23). Some shampoos contain moisturisers : glycerin, 
lactic acid and fatty acid polyesters. Moisturisers can be stored in multilamellar structures for prolonged 
release (spherulites), or mono/oligolamellar bodies (liposomes) to ensure hydratation levels are maintained.
 
4 How to use shampoos in keratoseborrhoeic disorders Certain guidelines are suggested : - long- haired dogs 
with severe seborrhoeic disorders should be clipped. Clipping leads to more effective application and better 
distribution of the active ingredient ; - shampoos should initially be applied 2 to 3 times weekly. With time, 
frequency of application can gradually be reduced ; - cases should be monitored frequently. The therapeutic 
agent often needs to be changed following the development of side-effects, rebound effects or change in 
clinical presentation (e.g. transition from greasy seborrhoea to dry seborrhoea).

IV The use of shampoos in parasitic diseases
Antiparasitic shampoos, ie containing organochlorines, natural pyrethrins or synthetic pyrethroids, are not 
considered to be as efficacious as antiparasitic rinses and dips (12) and other formulations (sprays, pump-
sprays, powders, spot-ons, line-ons, systemic agents), mainly because they are rinsed and cannot act during 
a sufficient time (2). Scabies, cheyletiellosis, otodectic mange, tick infestation, trombiculosis and pediculosis 
are relative indications.

Insecticidal shampoos often contain synthetic pyrethroids chosen for their rapid knock-down effect: these are 
best used as a convenient one-off treatment to rid an animal of a resident flea infestation. As there is usually 
little or no residual action once the shampoo is rinsed off, the treated animal is immediately vulnerable to 
reinfestation by host-seeking fleas. Normally, therefore, shampoos have limited application in the long-term 
management of flea infestation (pulicosis) and flea allergy dermatitis (24). However, a shampoo containing 
deltamethrin (0.07%) has been shown recently to maintain a > 90 % antifeeding effect during the hour following 
challenge for one week (25).

Colloidal oatmeal, an antipruritic agent (see below) is added to bioallethrin , a pyrethroid, in a shampoo to 
decrease inflammation due to the parasitic infestation.

Benzoyl peroxide shampoos are recommended in the treatment of demodicosis because of their degreasing 
and follicular flushing effect (3,12).

Many parasitic diseases (e g scabies, cheyletiellosis) and flea allergy dermatitis can cause a keratoseborrhoeic 
disorder and the affected animals will benefit from application of keratomodulating shampoos (3).

V The use of shampoos in bacterial diseases (pyoderma) Topical therapy is used in canine pyoderma to 
reduce the cutaneous bacterial population and antibacterial shampoos also remove tissue debris, allowing 
direct contact of the active ingredient with the organism and promoting drainage (12).
 Limited cases of superficial pyoderma can be treated with shampoos alone, particularly if they are used 
frequently at the beginning (e g every day), then decreasing the frequency of applications depending on the 
animal’s response. However in most cases systemic antibiotics will be administered to ensure a more prompt 
response, the shampoo playing a supporting role (3). A common indication for long-term use is in the dog 
that is prone to recurrent folliculitis, either idiopathic or eventually secondary to endocrine or allergic skin 
disease, even though the pruritus due to the allergic skin disease is controlled. In these situations well tolerated 
antibacterial shampoos may have a prophylactic effect if used regularly i e every one to two weeks(3,12).

In case of deep pyoderma, clipping is preferable before using shampoos (and soaks). This will prevent the 
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formation of a sealing crust and allow the product to contact the lesions (furuncles, ulcers) (12). In such cases, 
shampoos should be used very frequently at the initiation of treatment.

Agents commonly included in antibacterial shampoos are chlorhexidine, povidone-iodine, benzoyl peroxide 
and ethyl lactate.

Chlorhexidine (4,26) is a biguanide antiseptic, very effective against most bacteria (Gram + and -), except 
some Pseudomonas and Serratia strains. It is bactericidal by action on cytoplasmic membrane which causes 
leak of intracellular components. Concentrations vary in shampoos from 0.5 to 4% (diacetate or digluconate). 
It has a prophylactic effect due to its remanence (27,28). It is well tolerated.

Povidone-iodine is a iodophore which slowly releases iodine to tissues (4,12). The titratable iodine is usually 
of the order of 0.2 to 0.4 per cent. It is bactericidal and acts in a few seconds at 0.005 % (2). It has also a 
prophylactic effect due to its remanence (28). It is relatively drying which can be compensated by emollients 
in shampoos. It can be irritant and staining (4).

Benzoyl peroxide (see above) is metabolized in the skin to benzoic acid and much of its microbiocidal activity 
probably derives from the lowered skin pH (3). This disrupts microbial cell membranes (3,4). It is in fact an 
oxidizing agent, which releases nascent oxygen into the skin and produces a series of chemical reactions 
resulting in permeability changes and rupture of bacterial membranes (4). It has an excellent prophylactic effect, 
the best one in a comparative study with chlorhexidine, complexed iodine and triclosan (28). It is generally 
used in concentrations of 2 to 3 %, which are well tolerated but irritation can occur at higher concentrations 
(erythema, pruritus and pain) (4). In a clinical study done in 1983 in 30 dogs with folliculitis, 61 % of dogs 
responded well to a 2.5 % benzoyl peroxide shampoo, without concurrent therapy (29). In a comparative study 
on superficial pyoderma, 70 % of 10 dogs responded well to a 2.5 % benzoyl peroxide shampoo (30).

Ethyl lactate is hydrolysed in the skin to ethanol and lactic acid, thus lowering the skin pH and acting similarly 
to benzoyl peroxide (3). It is used in concentration of 10 %, which is rarely followed by indesirable side effects 
(irritation, erythema, pruritus) (4). In a comparative study to benzoyl peroxide, 90 % of 30 dogs with superficial 
pyoderma responded well to a 10 % ethyl lactate shampoo (30). In a recent study comparing two groups of 
10 dogs with superficial pyoderma, it was shown that utilization of a 10 % ethyl lactate shampoo twice weekly 
reduces the length of systemic antibiotic needed in canine superficial pyoderma (31). Other antibacterial 
agents used in shampoos are hexachlorophene (not much used because of neurotoxicity), hexetidine (only 
one product) and triclosan (less effective than benzoyl peroxide and chlorhexidine in a comparative study) 
(28). In a recent shampoo formulated specifically for canine atopy, piroctone olamine (widely used in human 
shampoos) has been added for its antibacterial and anti-yeast properties (see below).

VI The use of shampoos in fungal diseases Antimycotic shampoos are used as adjunctive therapy for 
dermatophytosis and Malassezia dermatitis.
They limit contagiosity in case of dermatophytosis but are not effective in treating it when used alone (32). Non 
antifungal shampoos or shampoos with insufficient antifungal properties can disseminate spores (33). However, 
keratomodulating shampoos are used before antifungal topical therapy when there is a keratoseborrhoeic 
disorder and they are then beneficial in removing infected scales and crusts. In an in vitro study a ketoconazole 
shampoo was effective to inhibit the growth on Dermatophyte Test Medium of Microsporum canis from 
infected hair, but after more applications than antifungal solutions (enilconazole, lime sulfur, 2% chlorhexidine, 
povidone iodine) (34). In a review, a miconazole shampoo is considered to be as effective as lime sulfur and 
enilconazole in treating feline dermatophytosis (33). In a recent study a shampoo containing chlrorhexidine 
(2%) and miconazole (2%) was shown to accelerate the clinical cure but not the mycological cure of cats 
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infected with Microsporum canis and treated with griseofulvin (35).

Topical therapy is an alternative to systemic treatment in Malassezia dermatitis. For extensive lesions antifungal 
shampoos or lotions are preferable. They can be used with systemic therapy, although there is no formal 
evidence that the combination is of greater value than systemic treatment alone. Topical therapy alone should 
not be used as a diagnostic challenge, but it can maintain a remission, thus confirming the diagnosis. Shampoos 
containing miconazole (2%), chlrohexidine (2 to 4%), a combination of both (2% each), ketoconazole (2%) or a 
combination of chlorhexidine (2%) and ketoconazole (1%) are the most appropriate (as are rinses such as lime 
sulfur and enilconazole) (12,36,37). Selenium sulphide shampoos could be less effective (37).
 
A study has demonstrated the immediate and residual in vivo antifungal effect of a shampoo containing 
piroctone olamine against Malassezia pachydermatis (38).

VII The use of shampoos in allergic diseases
All shampoos are likely to remove allergens from the skin, which is supposed to be useful in canine atopic 
dermatitis. They also help to rehydrate dry skin, which is common in dogs with allergic skin disease. In addition, 
shampoos with an antipruritic effect can improve the condition of allergic dogs, provided they are used 
frequently (e.g. twice a week, at least at initiation of therapy). Antipruritic shampoos are considered generally 
as adjunctive treatments. They are rarely affective as the sole therapy (3,12).

Antipruritic shampoos contain 1% hydrocortisone, 0.01% fluocinolone, 2% diphenhydramine, 1% pramoxine or 
colloidal oatmeal. A clinical study has demonstrated that shampoos and rinses containing the local anesthetic, 
pramoxime, are useful (39). The topical fluocinolone shampoos have been shown not to be systematically 
absorbed in the dog. Controlled studies on efficacy of antipruritic shampoos are lacking (12).

A shampoo specifically designed for canine atopic dermatitis has been recently developped. It contains linoleic 
acid, mono and oligosaccharides, vitamine E, and piroctone olamine. Linoleic acid can help in restauring the 
barrier function of the skin (see above) (23), thus limiting the transcutaneous penetration of allergens. In 
effect, it has been demonstrated that the stratum corneum intercellular lipids are altered in atopic dogs (9). 
Mono and oligosaccharides are immunomodulator agents, which can inhibit the secretion of proinflammatory 
cytokines (such as TNF μ) and limit the expression of membrane molecules (such ICAM 1). In vitro studies have 
been done in man (40) and dog (41). Vitamine E is an antioxidant, stabilizes lysosomes, reduces prostaglandin 
E2 (PGE2) synthesis, and increases interleukin 2 (IL-2) production with resultant anti-inflammatory and 
immunostimulatory effects (12). Piroctone olamine is an antiseptic agent active on Gram + and Gram - bacteria, 
dermatophytes and yeast. It is much used in topical formulations in human dermatology against proliferation of 
Malassezia furfur. The concept of this shampoo is promising since its goal is to provide a therapeutic response 
to defects potentially occuring in canine atopic dermatitis. Controlled trials are needed to document the 
clinical efficacy of this product in atopic dogs.

VIII Moisturisers
In every skin disorders, and in particular with dry seborrhoea, there is scope for increasing the humidity of the 
animal’s skin, after shampooing, with a moisturiser. It has been demonstrated that skin hydratation is less in 
dogs with scaling than in normal dogs (42).
 
Moisturisers lubricate, rehydrate and soften the skin. In French, they are all, incorrectly, lumped together as 
emollients. Moisturisers actually consist of true emollients, emulsifiers/emollients, occlusive dressings and 
rehydrating agents.
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They restore an artificial superficial skin film. Diluted in water, they can be massaged into the skin or applied 
as a lotion. Undiluted, they may be sprayed on after a shampoo. They should not be rinsed off. In Europe 
only emollients and rehydrating agents are found in veterinary products (an emulsifier/emollient combination 
exists in North America). Occlusive dressings are neither used nor marketed in the veterinary field due to risk 
of maceration.

Emollients are composed principally of fatty acid polyesters, vegetable oils, mineral oils (no veterinary 
formulations available) and lanolin.

Lipid emollients, containing lanolin alcohols, liquid paraffin or mineral oils, were borrowed from human 
dermatology and are now rarely used. Used as an emulsion in tepid water, they do improve coat condition, 
but also have a greasing effect, a definite disadvantage. One veterinary lipid emollient containing fatty acid 
polyesters is marketed in France. Local application of essential fatty acids has also been proposed to soften 
and rehydrate the skin, and reduce transcutaneous water loss (23). No major occlusive effect is involved, and 
the effects are probably brought about by the incorporation of essential fatty acids (especially linoleic acid) 
into stratum corneum ceramides.

Non-lipid emollients have rehydrating and softening properties. They reduce smell and improve coat appearance 
without the greasing effect. The high molecular weight of their active ingredients and their hygroscopic nature 
make them effective surface-protecting therapeutic agents. Examples include lactic acid, glycerin, propylene 
glycol, urea and chitosanide.

Active agents can be combined with moisturisers : colloidal oatmeal extracts and aloe vera for antipruritic 
activity, and coal tar for keratolytic and keratoplastic activity.

Conclusion Treatment and prevention strategies in veterinary dermatology include often the use of medicated 
shampoos. The therapeutic plan should be defined on short and long term basis to obtain the best results, to 
cope with owners compliance and to limit potential side effects.
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