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Effects of a 1 per cent hydrocortisone
conditioner on the prevention of immediate
and late-phase reactions in canine skin

C. RIVIERRE, S. M. DUNSTON, T. OLIVRY

Ten laboratory beagles were used to determine whether a 1 per cent hydrocortisone conditioner applied
topically for three consecutive days would inhibit IgE-mediated immediate and late-phase reactions induced
in their skin. The trial was blinded, controlled with the product's vehicle and designed with a crossover. It
consisted of three phases: one period without treatment (control phase) and two periods of treatment with
either the active ingredient or the vehicle. Immediate and late-phase reactions were induced by the
intradermal injection of rabbit anti-canine IgE polyclonal antibodies. Twenty minutes after the intradermal
challenge, the diameter of the wheal, but not the erythematous flares, were significantly reduced after the
application of the active product. In contrast, IgE-mediated cutaneous late-phase reactions, evaluated by
measurements of dermal thickness and eosinophil counts six hours after challenge and the numbers of
dermal CD3-positive T lymphocytes after 24 hours, were not reduced by its application.

THE pathogenesis of canine atopic dermatitis has not been
fully elucidated. Nevertheless, it is believed to involve imme-
diate and late-phase reactions resulting from the activation of
dermal mast cells by IgE (Reedy and others 1997).

Immediate phase reactions are characterised clinically by
a wheal and flare that appear and disappear within an hour
after stimulation by an allergen. Allergen cross-linking of IgE
induces the degranulation of sensitised mast cells and pro-
vokes the release ofvasodilatory mediators which are respon-
sible for the formation of the wheal (Brazis and others 1998).

Late-phase reactions are suspected to play an important
role in the pathogenesis of atopic dermatitis in human
beings (Becker and others 1988, Zweiman 1993). They were
first described in 1873 by Blackey and have recently been
studied in more detail by Charlesworth and others (1989),
Frew and others (1991) and Charlesworth (1994). In man,
cutaneous late-phase reactions are characterised by ery-
thema and induration (Charlesworth and others 1989,
1991), lesions which are similar to those of atopic dermati-
tis (Charlesworth and others 1989). Late-phase reactions
induced by an allergen begin a few minutes after challenge,
peak after between six and 12 hours, and decrease in inten-
sity over the next 24 to 48 hours (Charlesworth and others
1989, Zweiman 1993). Their pathophysiology is complex and
involves the interactions of several cell types (including
eosinophils, neutrophils, basophils, mast cells and allergen-
specific T lymphocytes) and mediators (histamine, leuko-
trienes, platelet-activating factor and various cytokines)
(Becker and others 1988, Frew and others 1991, Gaga and
others 1991, Charlesworth 1996).

IgE-mediated late-phase reactions have been identified in
allergic dogs for over a decade. In dogs sensitised experimen-
tally to ragweed, the intradermal injection of allergen results
in macro- and microscopical late-phase reactions (Becker and
others 1988). These cutaneous reactions are similar to those
observed in people with atopic dermatitis and are charac-
terised by sequential granulocytic and mononuclear dermal
infiltrates (Becker and others 1988). Similar reactions have
been observed in the skin of dogs with naturally occurring
atopic dermatitis after the intradermal injection of extracts of
house dust mites (Thomsen and others 1993). The relevance
of late-phase reactions to the pathogenesis of canine atopic
dermatitis is supported indirectly by the reduction in pruri-
tus and the severity of skin lesions after treatment with miso-
prostol (Olivry and others 1997), a prostaglandin El analogue
which selectively abolishes late-phase cutaneous allergic
reactions (Alam and others 1993).

A recent study has demonstrated that IgE-mediated late-
phase reactions can be reproduced in the skin of normal dogs
after intradermal injections of anti-canine IgE polyclonal
antibodies (Olivry and others 1998). Moreover, it was shown
that the kinetics of the cellular infiltrates were similar to
those observed after the skin of dogs with atopic dermatitis
was challenged with house dust mite allergen (Olivry and
others 1998). In normal canine skin, anti-IgE induced late-
phase reactions are characterised by an increase in the thick-
ness of the skin six hours after challenge, by peaks in the
numbers of eosinophils and neutrophils after six hours that
gradually decrease over 24 hours, and by an increase in the
numbers of CD3+ T lymphocytes and CD1+ dendritic antigen-
presenting cells between 12 and 24 hours (Olivry and
others 1998).

Corticosteroids have been shown to inhibit mast cell
degranulation in mice (Inagaki and others 1997), and allergen-
induced late-phase reactions in the lungs, upper airways and
skin of people (Andersson and Pipkorn 1987, Charlesworth
and others 1991, Charlesworth 1994, 1996). Systemic gluco-
corticoids (prednisone) can inhibit the migration of
eosinophils and basophils into artificial blisters during late-
phase reactions in people, and inhibit the formation and
release of chemotactic mediators and leucocyte-priming
cytokines (Charlesworth and others 1991).

This study was designed to determine whether a 1 per cent
hydrocortisone conditioner (ResicoRT with Spherulites;
Virbac) could prevent the wheal formation characteristic of
the immediate phase reaction and/or the cellular infiltrate
typical of late-phase reactions in the skin of normal dogs
challenged with anti-canine IgE antiserum.

MATERIALS AND METHODS

Study design
The study was blinded, controlled with a platebo (the vehi-
cle for the active ingredient), and had a crossover design. Ten
laboratory beagle dogs were used, sufficient to provide a 95
per cent power to detect a 50 per cent difference between two
groups of values with a coefficient of variation of 30 per cent
at P=005. The study was divided into four periods (Fig 1):
one period without therapeutic intervention ('control'), and
two similar periods of treatment with either the active prod-
uct or vehicle of three days, separated by a wash-out period
of 12 days. The study protocol was reviewed and accepted by
the College's Animal Care and Use Committee.
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Application of the conditioner
The treatments were given on days 5 to 7, and days 19 to
21 (Fig 1). The sponsoring company provided two sets of
vials: one set contained the'active product' and the other
set contained the vehicle of the conditioner ('placebo'). The
identity of the two sets of vials was blinded to the investi-
gators. The 10 dogs were divided by computer randomisa-
tion into two groups of five, one of which was treated first
with the active product and then with the vehicle, and the
other with the vehicle first and then with the active drug.
The order of application was reversed for the crossover part
of the trial.

The left side of the thorax was used for the first applica-
tion and the right side for the second application. On days 5
and 19, the side of each dog's chest was bathed with an
hypoallergenic shampoo (Allergroom; Virbac). The active
product or vehicle was then applied once daily for three days.
The haircoat was not clipped before the conditioner was
applied, to mimic the normal use of the product. Before each
daily treatment, the side of the thorax was wetted with luke-
warm water, and approximately 1 ml was applied per 100 cm2.
The thorax was not rinsed after the product had been applied.
A washout period of 12 days, from day 8 to day 19, was

considered sufficient to minimise the risk of any interference
between the two treatments.

Induction of IgE-mediated late-phase reaction
Before any treatment, on day 1 of the control period and 24
hours after the last application of the product for the two
treatments, that is on day 8 and day 22 (Fig 1), an area of 10
cm x 3 cm was clipped with electric clippers on the dorsal tho-
rax (control period), left side of the thorax (first treatment
period) and right side of the thorax (second treatment
period). IgE-mediated reactions were induced by intradermal
injections of 0-05 ml of solution of rabbit anti-canine IgE
polyclonal antibodies containing 1-4 mg/ml (Olivry and
others 1998). Two injections were made, 2 cm apart, in the
centre of the clipped areas. To avoid self-trauma at the site
of injection a coat was kept on the dogs until all the biopsies
had been obtained.

Clinical evaluation
Twenty minutes after the intradermal challenge with anti-
canine IgE antibodies, the macroscopical characteristics of the
wheals were evaluated. The degree of erythema was graded
from 0 to 2 as follows: (0) no erythema, (1) mild erythema
or (2) marked erythema. The maximum diameter of the
wheals was measured in millimeters. Six hours after the chal-
lenge, the diameter of the erythematous papules was also
measured in millimeters.

Six hours and 24 hours after the challenge the thickness of
the skin at the site of the injection was measured with calipers,
and the thickness of normal skin in the same area of the body
was also measured. The difference between these two values
is reported as the'increase in skin thickness'.

Collection of skin biopsy specimens
Six hours after each challenge, the dogs were sedated with
medetomidine (Domitor; Pfizer) at a dosage of 750 pg/m2
given intravenously, and lidocaine (Lidocaine 2 per cent;
Phoenix Pharmaceuticals) was injected subcutaneously into
one of the sites previously injected with anti-canine IgE. After
five minutes, an 8 mm punch biopsy specimen was taken and
the biopsy site was sutured with 2-0 metric blue mono-
filament nylon (3-0 Dermalon). An erythromycin gel
(Erythromycin topical gel 2 per cent usP; Stiefel Laboratories)
was applied to prevent secondary infection of the biopsy sites.
The sedation was then reversed with an intramuscular injec-
tion of atipamezole (Antisedan; Pfizer), at the dose used for
medetomidine.

Day 1 2
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The specimens were fixed in neutral buffered formalin and
embedded in paraffin. Sections 5 [im thick were stained by
Luna's technique for the examination of eosinophils (Luna
1968).

Twenty-four hours after the challenge, the procedure was
repeated on the second site which had been injected with anti-
canine IgE. The specimens collected were processed in the
same way and stained by an immunohistochemical technique
using polyclonal antibodies specific for the cytoplasmic
domain of the epsilon chain of mammalian CD3 (Mason and
others 1989).

FIG 1: Schematic
representation of the
design of the study.
Checked boxes:
application of 1 per cent
hydrocortisone
conditioner or vehicle.
Open arrows: induction
of IgE-mediated late-
phase reaction. Closed
circles: collection of
skin biopsy specimens
six and 24 hours after
injection of the
antiserum. A Active
ingredient, P Placebo,
C Control

Enumeration of cellular infiltration
Dermal eosinophils were counted in the skin sections from
the biopsies collected six hours after challenge, and dermal
CD3+ T lymphocytes were counted in the sections obtained 24
hours after challenge. Both cell types were counted in the
entire surface of the skin sections with an Olympus VANOX
AHB3 microscope at 5 x 20 magnification with rectangular
grids covering 0-06 mm2. The cell counts were expressed as
the number of cells per mm2.

Statistical analysis
The results of the clinical evaluations, and the counts of
eosinophils and T lymphocytes in the three groups were com-
pared by means of a non-parametric repeated measures
analysis of variance (Friedman's test) using computer soft-
ware (GraphPad Prism). Dunn's post-tests were used to deter-
mine the significance of differences between selected groups
of values.

RESULTS

Clinical evaluation
Twenty minutes after the injection of IgE antiserum, there
were no significant differences in the degree of wheal ery-
thema among the three groups (Table 1). However, the diam-
eters of the wheals were significantly different (Table 1, Fig 2),
the diameter being significantly smaller in the group treated
with the active ingredient than in the control group. Although
the 95 per cent confidence intervals between the groups
treated with the active ingredient and the vehicle did not over-
lap, the difference between their wheal diameters was not
significant with the conservative statistical tests used.

Six hours after the challenge, a macroscopic papular reac-
tion was observed in three of the dogs treated with the active

Treatment group
Measurement Active Vehicle Control

Erythema at 20 minutes 1 (0-8-1-8) 2 (1-2-2) 1 (0-3-1.2)
Wheal diameter at 20 minutes 9 (8-5-9-5)** 10.5 (9-6-12-6) 11 (10.5-12-7)**
Reaction diameter at 6 hours 0 (0-4-1) 0 (0-2-6) 0 (0-2-8)
Increase in skin thickness at 6 hours 1 (0-2-7) 1 (0-4-1-6) 1 (0-3-1-2)
Increase in skin thickness at 24 hours 0 (0-0-6) 0 (0-0-6) 0.5 (0-1-6)

** P<0-01
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Treatment group
Cells Active Vehicle Control

Eosinophils at 6 hours 29 (0-119) 22 (0-144) 35 (0-198)
CD3+ T lymphocytes at 24 hours 33 (20-70) 76 (38-223) 60 (41-93)

ingredient, one of those treated with the vehicle and two of
the control dogs. The diameter of the reactions was not
significantly different between the three groups (Table 1).

Six hours after the challenge the median increases in skin
thickness at the sites of injection were identical in the three
groups. At the 24-hour examination, the median increases in
thickness in the groups treated with either the active ingre-
dient or the vehicle were smaller than in the control group,
but the differences were not statistically significant (Table 1).

Dermal cell counts
Six hours after the challenge the median number of dermal
eosinophils was lower in the groups treated with the active
ingredient or the vehicle than in the control group, but the
difference was not significant (Table 2).

Twenty-four hours after the challenge there were fewer
CD3+ T lymphocytes in the biopsies from the dogs treated with
the active ingredient than in the biopsies from the other two
groups but the difference was not statistically significant
(Table 2).

DISCUSSION

The results suggest that the application of the 1 per cent
hydrocortisone conditioner for three days partially inhibited
the wheal, but not the flare immediate phase reaction pro-
voked by the injection of rabbit anti-canine IgE polyclonal
antibodies into normal canine skin. However, the conditioner
did not prevent the development of either the induration or
the cellular ifiltration characteristic of an IgE-mediated
cutaneous late-phase reaction.
A similar inhibitory effect of corticosteroids on the IgE-

mediated immediate phase reaction has been demonstrated
in people and mice (Pipkorn and others 1987, Inagaki and
others 1997). Prednisone given orally for two days was shown
to suppress the clinical signs and the release of mast cell medi-
ators during antigen-induced acute phase responses in the
nose (Pipkorn and others 1987). The suppression of the reac-
tion was explained by a reduction in the number of mucosal
mast cells rather than by the inhibition of the release of mast
cell mediators (Pipkorn and others 1987). In another study,
the topical application of a 0-05 per cent clobetasol propi-
onate cream resulted in a reduction of the wheal-and-flare
responses after an allergen challenge (Andersson and Pipkorn
1987). Other experiments, however, have not been able to

confirm the efficacy of corticosteroids in the prevention of
mast cell degranulation (Poothullil and others 1975,
Schleimer and others 1983, Pipkorn and others 1987,
Charlesworth and others 1991). Differences in study design,
the type and concentration of glucocorticoid used, and in the
route of administration may account for the differences
observed in the studies in people. Finally, the conditioner
tested here was recently shown not to abolish wheal-and-flare
reactions after the intradermal injection of histamine into
normal and pruritic dogs (Thomas and others 1999). The dis-
crepancy between these results and those of the present study
can be explained by the lack of an antihistamine effect by cor-
ticosteroids. Whereas glucocorticoids could inhibit the acti-
vation of mast cells and the release of mediators in canine
skin, they would have little suppressive effect on histamine-
induced vasodilation and congestion in the superficial
dermis.

Whether the previous administration of corticosteroids
interferes with the reactivity to intradermal allergy skin tests
is uncertain. Glucocorticoids do not seem to suppress skin test
reactivity in people (Galant and others 1973, Slott and
Zweiman 1974, Olson and others 1990), but they are believed
to do so in cats (Bevier 1994) and dogs (Kunkle 1994).

In this study, the application of the 1 per cent hydrocorti-
sone conditioner for three days did not significantly inhibit
either skin induration or cellular emigration during the late-
phase reaction induced by anti-canine IgE antiserum. The
results do not agree with the results of previous studies in
which glucocorticoids were shown to inhibit the formation of
macroscopic lesions and the influx of eosinophils during a
late-phase reaction provoked in human skin (Andersson and
Pipkorn 1987, Charlesworth and others 1991). These differ-
ences may be related to the nature of the corticosteroid pre-
treatment, because hydrocortisone is among the weakest
within this class of drugs. The results might have been dif-
ferent if a stronger topical glucocorticoid had been used.
Furthermore, the dogs' unclipped haircoats might have pre-
vented the conditioner's active ingredient from penetrating
the epidermis optimally. It is also possible that more frequent
or longer applications of the conditioner could have resulted
in better absorption of the drug and an increased anti-inflam-
matory effect. It is also possible that the signs of the late-phase
reaction might have been more strongly inhibited if the con-
ditioner had been applied after rather than before the injec-
tion of the anti-canine IgE antibody, that is, to obtain a
therapeutic instead of a preventive effect.

The results of this study show that pretreatment with a 1
per cent hydrocortisone conditioner slightly reduced the
diameter of the wheals induced by the immediate phase reac-
tion produced by the injection of anti-canine IgE. In spite of
this slight reduction the clinical and histological signs of the
late-phase reaction were not suppressed. Whether the results
of the study might be extrapolated to the management of
pruritic dogs would require carefully controlled clinical
trials.

FIG 2: Scatter plot of
the wheal diameters
20 minutes after the
intradermal challenge
with anti-canine IgE
antibiotics. Bars
indicate the median
values within each
group
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Diseases associated with
eosinophilia in 105 dogs
THE diseases associated with an eosinophilia of more than
2 2 x109 eosinophils/litre were investigated retrospectively in
105 dogs. Thirty-six per cent of them had inflammatory dis-
eases affecting organs such as the gut, lungs and skin with
large epithelial surfaces; the best defined diagnosis was pul-
monary infiltrates with eosinophils. Twenty-five per cent had
a variety of diseases occurring at low frequencies, and 11 per
cent had parasitic diseases caused by either sarcoptic mange
or nasal mites. None of the dogs was atopic. In most of the
disease categories rottweilers were over-represented.

LILLIEHOOK, I., GUNNARSSON, L., ZAKRISSON, G. & TVEDTEN, H.
(2000) Diseases associated with pronounced eosinophilia: a study of 105 dogs
in Sweden. Journal of Small Animal Practice 41, 248-253

Sialadenosis in dogs
SIALADENOSIS is a condition of unknown cause that may
go undiagnosed in dogs. A prospective study of 13 dogs with
enlarged salivary glands was carried out to identify the clini-
cal findings, cytological and histological characteristics of the
salivary glands and the response to treatment with pheno-
barbital in dogs with clinical signs typical of sialadenosis.
Clinical signs commonly associated with sialadenosis
included regurgitation, retching and gulping. Substantial cel-
lular changes in the enlarged salivary glands were not detected
by histological or cytological examination. Treatment with
phenobarbital gave a rapid response, but most dogs required
continuous treatment to prevent recurrence of clinical signs.

BOYDELL, P., PIKE, R., CROSSLEY, D. &WHITBREAD, T. (2000) Sialadenosis
in dogs. Journal of theAmerican Veterinary Medical Association 216, 872-873

The Veterinary Record, December 23/30, 2000742




