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Abstract

Background The inhibitory activity of methylprednisolone aceponate (MPA) on experimentally
induced allergic reactions was assessed by an cchographic method employing a B-scanner and a
dedicated software, and compared to the effects of corticosteroids of known potency.

Material and methods Experimental lesions, which were induced by patch testing 12 sensitized
subjects with 5% nickel sulfate (pet.), were treated with two medications of different steroids (clobetasol
propionate, fluocinolone acetonide, clobetasone butyrate., and methylprednisolone aceponate), per-
formed 16 and 40 h after the application of the nickel patch tests. Clinical and echographic evaluations
were carried out at the beginning of the experiment, and 64 hours after the induction of the reactions.
Values of skin thickness and of extension of hypo-reflecting dermal areas were determined by image
processing on echographic recordings.

Results Rank order of the potency of the tested cortieosteroids, as evaluated by echography, was the
same as the one obtained by visual scoring. MPA proved to be less effective than clobetasol propionate,
more effective than clobetasone butyrate, and equally as effective as fluocinolone acetonide.

Conclusion This experiment indieated MPA can be considered a potent steroid.

Keywords: Topical corticosteroids; Methylprednisolone aceponate; Allergic contact dermatitis; Nickel
sulfate; B-scanning echography; Image analysis

1. Introduction which employ spontaneous diseases or experi-
mentally induced reactions, as evaluated by clini-

Determination of relative potency of eorticos- cal and, more recently, also by instrumental as-
teroids is accomplished by several procedures, sessments [1-51. Inhibition of experimentally in-

duced contact dermatitis by topically applied cor-
ticosteroids, as a model for evaluating the strength
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was first employed by Haxthausen, who induced
eczematous reactions in sensitized volunteers [6].
Subsequently, the same test was used for assess-
ing patients who were contact sensitized to vari-
ous allergens [7-11]. Crijns et al. demonstrated a
correlation between the blanching seores on nor-
mal skin and the anti-inflammatory action on
induced contact dermatitis [11]. In general, the
rank order, as evaluated by this method, corre-
sponded to the internationally used classification
of clinical potency of eorticosteroids [12,13], Re-
cently, we described an echographic method for
evaluating the intensity of patch test responses
based on image processing of 20 MHz B scan
recordings, enabling the determination of the
amount of low reflecting amplitude echoes at
positive patch test sites [14]. This method has
been employed for objective assessment of the
inhibition of patch test reactions after pharmaco-
logical treatment [15]. Our study aimed at deter-
mining the anti-inflammatory activity of methyl-
prednisolone aceponate {MPA), a non-halogen-
ated esterified molecule, using the echographic
evaluation of the inhibition of experimentally in-
duced allergic reactions in nickel sensitized sub-
jects, and comparing its efficacy to that of other
topical corticosteroids of known potency.

2. Materials and methods

2,1, Patients

12 nickel sensitized women, aged 18 to 45,
underwent patch tests with 20 mg of 5% nickel
sulfate in petrolatum (Trolab, Hermal Chemie,
Germany) on 5 sites of the right volar forearm
skin after informed consent. The upper test area
was fixed at 5 cm below the anteeubital fossa, the
lower site at 5 cm above the wrist crease, and the
other 3 test sites were lined up at equal distances
along a line running from the middle of the elbow
to the middle of the wrist crease. Patch test sites
were covered with large aluminium Finn Cham-
bers with an internal diameter of 11 mm (Epitest
Ltd., Finland) fixed to the skin by Scanpor tape
(Norgesplaster, Norway).

2.2. Topical treatment

After 16 and 40 h, 100 û.1 of different corticos-
teroids were applied on 4 areas, which had been
niekel patch tested, in a double blind randomized
manner. The second application of the steroids
was performed in the same order as the first. The
test sites were once again covered by large Finn
Chambers until evaluation at 64 h. One test area,
whieh was eovered by an empty chamber, served
as control.

The commercial preparations used for the
pharmacological treatment contained clobetasol
propionate 0.05% (Clobesol cream. Glaxo) (CP),
classified as a very potent steroid, fluocinolone
aeetonide 0.025% (Localyn cream, Recordati)
(FA), considered a potent steroid, clobetasone
butyrate 0.05% (Eumovate cream, Glaxo) (CB).
which is moderately potent [16,17]. or methyl-
prednisolone aceponate 0.1% cream, whose in-
hibitory aetivity on experimentally induced aller-
gic reactions was still to be determined.

2.3. Clinical evaluation

The clinical evaluation was performed blindly
at 64 h. 30 min after patch test removal, by the
same examiner. Scoring was attributed using a
numerical scale, as follows: normal skin = 0; ery-
thema with slight infiltration and papules = 1-2;
erythema, infiltration, papules and vesiculation =
3-4; intense erythema. Infiltration, intense vesie-
ulation and bullae = 5.

2.4. Echographic evaluations

Echographic evaluations were carried out at
the beginning of the test and at 64 h, 30 min after
patch test removal.

2.5. Ultrasound equipment

A B-scanner, provided with a 20 MHz trans-
ducer (Dermascan C, Cortex Technology, Had-
sund, Denmark), whieh produces images repre-
senting a cross section of the skin, was used. The
system nominally has an axial resolution of 50

and a lateral resolution of 350 iim. Sound is
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coupled from the transducer to the tissue by
water in the scanning head. A water based gel
(Cogel, Comedical, Italy) was used to provide
contact between the scanning head diaphragm
and the skin surface, Equipment and calibration
methods have already been described in detail
elsewhere [18,19]. Evaluations were performed by
employing the zoom function in the axial direc-
tion at the first magnification (at factor 2), which
enables exploration of the tissue to a depth of
6.71 mm. During recordings the distance between
probe membrane and the skin was kept at 1.7 +
0.2 mm. Assessment of skin thickness was per-
formed in B mode, determining the extension of
the whole skin block appearing on the screen by
the ROI function and dividing its value by 22.4
(corresponding to the length of the image) [18].

After the acquisition, echographie images were
processed by a dedicated software package (Der-
mavision 2D, Cortex Technology, Hadsund, Den-
mark), set up on an IBM compatible system.
which ascribes an arbitrary numerical scale, rang-
ing from 0 to 255, to the amplitude values of the
echoes. This programme provides a numerical
description of the picture data, enabling the se-
lection of homogeneous amplitude bands, and the

calculation, in number of pixels, of the extension
of areas reflecting within the same amplitude
intervals [ 19]. When an inflammatory reaction
takes place in the dermis, ultrasound is reflected
with low amplitude levels. If patch test images
are recorded by a constant gain of 22 dB. an
amplitude band, ranging from 0 to 30, highlights
most of the tissue, site of inflammation. As al-
ready shown, with an increase in the allergic
response, the extension of the area reflecting
within this amplitude band increases. Conversely,
at the same gain level, the amount of ultrasound
reflection in this range for normal volar forearm
skin of subjeets under 45 years of age is low.

3. Statistics

Significance of variations of thickness and pixel
numbers between baseline and 64 h measure-
ments at the same patch test sites were evaluated
by Student's t test. Since rotating patterns of
application were used, baseline values of skin
thickness and pixels were homogeneous. Thus,
the efficacy of the inhibition of the eczematous
reaction by different corticosteroidal molecules
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was calculated by cotnparing the 64 hour values
of skin thickness atid number of pixels reflecting
within 0 to 30 at test sites treated with different
corticosteroids with those calculated from the
image of u non-medicated reaction, using the
ANOVA for repeated values. Further differentia-
tion between the groups was evaluated by the
Student Neuman Keuls test (SNK).

4. Results

4.1. Clinical evaluation

At 64 h. 30 min after removing patch tests, the
allergie reactions had fully developed at the con-
trol test site, whieh had had no medication 16 and
40 h after patch test application. Test areas,
which had been treated with steroid ereams,
showed milder or no reactions. Total seore per
area was: 75 for untreated test sites, 26 for clobe-
tasol propionate, 36 for fluocinolone acetonide,
43 for clobetasone butyrate, and 34 for methyl-
prednisolone aceponate treated areas.

4.2. Echographic etaluation

Baseline thickness and 0-30 pixel values at
different test sites were homogeneous, showing
no statistical differences. Baseline and 64 h skin
thickness mean values are illustrated in Fig. 1. 64
h fully developed reactions at untreated test ar-
eas showed a thickening of the skin up to two
times the initial value. Skin thickness increased
on average by 0.14 mm at the test site treated
with clobetasol propionate (moving from 1.09 to
1.23 mm), by 0.36 for fluocinolone acetonide (1.08
to 1.44), and by 0.52 for clobetasone butyrate
(1.11 to 1.62). The mean inerease in skin thick-
ness at sites medicated with methylprednisolone
aceponate was 0.24 mm. Statistical differences
were present between baseline and 64 h thickness
values, and between 64 h thickness values of
treated and untreated patches. However, no dif-
ferences could be demonstrated between skin sites
treated with different corticosteroids.

At positive 64 h patch test responses, we ob-
served in the dermis a hypo-echogenic area whose
extension, as evaluated by image processing, var-
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ied according to thc intensity of the inflammatory
reaction. Mean 0-30 pixel values referring to
baseline skin and to 64 h test areas are illustrated
in Fig. 2. Untreated patch test areas showed a
mean increase in thc extension of the hypo-echo-
genic area of about 1155%. At medicated test
areas 0-30 pixel values were approximately 1/7,
1/3 and 1/5, respectively, for CP, CB, and FA
and MPA. compared to the mean value recorded
at sites where the skin response had fully devel-
oped. Statistical differences were present be-
tween baseline and 64 h pixel values at treated
and untreated sites. Differences between 64 h
pixel values recorded from patch test reactions
inhibited by different corticosteroids and 64 h
values at untreated skin sites were statistically
significant. Moreover, mutual comparison of the
data corresponding to different corticosteroids,
showed statistical differences between all the
groups, exeept FA and MPA.

5. Discussion

After basic activity of topical cortieosteroids is
determined by means of animal experiments, hu-
man pharmacological test models must be used to
verify their efficacy, and to ascertain the degree
of induction of local and systemic side effects.
Since the level of blanching caused by corticos-
teroids generally correlates well with the extent
of clinical efficacy, the vasoconstriction test is
frequently used because it is simple [3,12.13.20.
2!]. However, this test is quite unspccific, since
the phenomenon of vasoconstrietion is not cou-
pled to the receptor-mediated activity of the
steroids 116]. The main purpose of topical gluco-
corticoids is the reduction of inflammatory pro-
cesses in the skin. For this reason, in order to
evaluate the anti-inflammatory activity of these
molecules, many models have been employed for
reproducing inflammation on human skin, such as
the croton oil-kerosene test, the UV erythema
test, the pyrexai erythema test, etc. Moreover,
disease models (psoriasis, eczema) were utilized
for testing the activity of these drugs in a way
which has a highly predictive value regarding the
therapeutical action in clinical practice. The first

attempts to imitate spontaneous allergic condi-
tions through a human experimental model were
carried out hy Haxthausen, who induced eczema-
tous reactions in sensitized subjects by ion-
tophoresis with various allergens [6], Test sites
were treated under occlusion with the corticoid
formulations to be assayed and readings were
performed 24 and 48 h later. This experimental
procedure demonstrated that ^-a-fluor-hydrocor-
tisone aeetate has a greater inhibitory effect on
eczematous reaetions than hydrocortisone ac-
etate. Kaidbey and Kligman performed pateh
testing with Rhus oleoresin on volunteers with a
common poison-ivy dermatitis [7]. After 48 h
pateh testing, repeated applications of cortieos-
teroids were performed for 4 consecutive days.
The Rhus-oleoresin indueed dermatitis regressed
in accordance with the therapeutic effieaey of the
topical corticosteroid applied.

The anti-inflammatory action of 7 topical glu-
cocorticoids was studied by Crijns et al. on exper-
imentally induced eczematous reactions of sub-
jects with allergies to niekel sulfate. p-phenylene-
diaminc, colophony and potassium dichromate
[11]. In these cases skin areas were treated with
the corticosteroid formulations twice, 48 and 72 h
after patch testing.

Bottger et al. analysed the inhibitory effect of
various steroid formulations on the development
of eezcmatous reactions by pre-trcating skin ar-
eas, where patch testing was subsequently per-
formed in nickel sulfate and potassium dichro-
mate sensitized subjects [9].

Finally, Oueille-Roussel et al. studied the ef-
fects of two steroids and two anti-inflammatory
drugs on experimental lesions induced by patch
testing nickel-sensitized subjects. Drugs were ap-
plied after removing patch tests, 48 h after appli-
cation, and twice a day during thc following days.
Evaluations were performed clinically and instru-
mentally, by colorimetry, laser-DoppIer velocime-
try, and evaporimetry. Only Dermaval cream
proved effective, whereas hydrocortisone cream,
Parfenac and indomethacin 2.5% were unable to
stop the reaetion [10].

Even if directly testing the therapeutical ca-
pacities of corticosteroids, these procedures were
rarely used, mainly owing to the difficulty in
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objectively quantifying the inhibition of the in-
flammatory reaction. These problems have been
partially solved by carrying out both clinical eval-
uation and instrumental assessment [10,15].

The echographic investigation associated with
image analysis, as well as allowing the detection
of subclinical responses and the distinction be-
tween visually equivalent reactions, enables the
quantification of the eczematous reaction, by us-
ing more parameters at the same time: namely
the determination of skin thickness, and the eval-
uation of the extension of the hypo-echogenic
area, whose values vary according to the intensity
of the inflammatory reaetion [14].

Pharmaeological investigations in animals were
first performed to evaluate the anti-inflammatory
activity of MPA compared to clobetasol propi-
onate and hydrocortisone butyrate by means of
the rat ear test and the oxazolone test [22]. The
therapeutic action of MPA clearly exceeded that
of hydrocortisone butyrate since it proved three
times more effective. Investigations in humans,
using thc UV erythema inhibition test, demon-
strated an anti-inflammatory activity comparable
to that of mometasone furoate [22].

In our experiment we compared the inhibitory
activity of MPA on experimentally induced
eczematous reactions to that of three other corti-
costeroids belonging to different categories of
potency. The action of corticosteroids appeared
both with a reduction of skin thickness, and with
a decrease of the hypo-eehogenic area of the
dermis, corresponding to edema and inflamma-
tory infiltration. However, although thickening of
the skin at test sites treated with corticosteroids
was less remarkable in respect to that recorded at
sites where the eczematous reaction had fully
developed, no statistical differences were evident
between values concerning sites treated with dif-
ferent corticosteroids. On the contrary, pixel
numbers defining the extension of the hypo-eeho-
genic dermis area were able to diseriminate be-
tween corticosteroids of different potency. MPA
proved to be less effective than clobetasol propi-
onate, more effective than clobetasone butyrate,
and as effective as fluocinolone acetonide. Rank
order of the potency of the tested corticosteroids,
evaluated by echography, was the same as the

one obtained by visual scoring. Thus, on the basis
of this experimental procedure, MPA can be con-
sidered a potent steroid.
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