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1 This study examines the relative contributions made by inhibition of mast cell degranulation,
reduction of mast cell recruitment and maturation, and lowering the responsiveness of the
vasculature to histamine, in the inhibition by glucocorticoids of the weal and ¯are in human skin.

2 One forearm of healthy human volunteers was treated for 24 h (n=6) or daily for 21 days
(n=10) with 0.05% clobetasol propionate. The other arm served as control. Weal and ¯are
responses were elicited by intradermal injection of 20 ml of 0.3 mM codeine. The areas of the
responses were measured using scanning laser Doppler imaging. Microdialysis was used to assess
histamine release. Mast cell numbers and tissue histamine content were assessed in 4-mm punch
biopsies. Histamine (20 ml of 1 mM i.d.) was used to assess the status of the vasculature.

3 No signi®cant e�ects were seen at 24 h. At 21 days, clobetasol reduced the areas of the codeine-
induced weal and ¯are responses by 59 and 58% respectively (both P=0.006). Mast cell numbers
were reduced by 47%, (P=0.014) and total tissue histamine content by 52% (P=0.006). Codeine-
induced histamine release was reduced by 44% (P=0.022). The weal, but not the ¯are, induced by
histamine was signi®cantly inhibited (P=0.019). Echography revealed a 15% thinning of the skin by
clobetasol.

4 These results demonstrate that reduction of the weal and ¯are responses to codeine following
clobetasol treatment, results primarily from reduced mast cell numbers and tissue histamine content
rather than inhibition by corticosteroids of mast cell degranulation.
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Introduction

While a bene®cial role for glucocorticoids in inhibiting the
late phase of the allergic response and in reducing allergic
in¯ammation is well established, their possible bene®ts in the

mast cell-mediated early phase of the allergic response is less
clear. In urticaria, for example, they are poorly e�ective when
given acutely but may a�ord bene®t when used for more
prolonged periods. However, when considering the use of

glucocorticoids for prolonged periods, clinicians have to
balance the bene®ts of therapy against the potential long-
term detrimental e�ects on the skin, which include thinning

and a reduction of cutaneous immune defences.
There are three possible mechanisms by which glucocorti-

coids may lead to a suppression of the mast cell-dependent

weal and ¯are response in the skin. The ®rst is an inhibitory
action on mast cell mediator release, the second an e�ect on
mast cell recruitment and maturation, and the third a

reduction of the responsiveness of the vasculature to mast
cell mediators.
An inhibition of mediator release from mast cells is

unlikely. In vitro studies have demonstrated that incubation

for 24 h with the potent synthetic glucocorticoid, dexametha-
sone, does not inhibit mediator release from human mast
cells derived from the lung, intestine or skin (Cohan et al.,

1989; Schleimer et al., 1983). Also in vivo, administration of
glucocorticoids for periods of 48 h or less fails to reduce the
magnitude of early phase allergic responses, indicating that

mast cell degranulation is not inhibited (Atkins et al., 1990;
Booij Noord et al., 1971; Dunsky et al., 1979; Slott &
Zweiman, 1974).

That administration of glucocorticoids for periods in excess

of a week reduces the size of weal and ¯are responses
provoked in the skin by allergen or codeine, led to the
suggestion that the recruitment and maturation of mast cells

within tissues is inhibited by steroids (Olson et al., 1990;
Pipkorn et al., 1989). Direct evidence in support of this
suggestion was then obtained from biopsy studies in which

both mast cell numbers and tissue histamine levels were
shown to decrease from week 3 onwards of treatment of the
skin with glucocorticoids (Lavker & Schechter, 1985; Pipkorn

et al., 1989). This was con®rmed by a study using electron
microscopy in which Lavker & Schechter (1985) described the
mast cells in steroid treated skin as `degenerating' and
`dying'. This observed e�ect is most likely to be due to a

combination of a reduction of mast cell recruitment to the
tissue and an increased rate of apoptosis of the mast cells
already present.

Although the ability of glucocorticoids to induce vasocon-
striction in the skin (the blanching e�ect) is well established,
evidence that they modify the responsiveness of the

British Journal of Pharmacology (2001) 132, 286 ± 292 ã 2001 Nature Publishing Group All rights reserved 0007 ± 1188/01 $15.00

www.nature.com/bjp

*Author for correspondence; E-mail: mkc@soton.ac.uk



vasculature to the e�ects of mast cell mediators is equivocal,
some workers reporting an inhibition of histamine-induced
e�ects (Andersson & Pipkorn, 1987; Olson et al., 1990;

Perretti & Ahluwalia, 2000; Singh & Singh, 1986; Stahle &
HaÈ germark, 1984) whilst others reported no e�ect (Gold-
smith et al., 1996; Lopez-Campos et al., 1998; Slott &
Zweiman, 1974).

In this study, we have compared the e�ects of clobetasol
propionate applied to the skin for 24 h with application daily
for three weeks to investigate the mechanisms by which

glucocorticoids inhibit the mast cell-dependent weal and ¯are
response in human skin in vivo. Scanning laser Doppler
imaging was employed to measure weal and ¯are areas,

microdialysis used to assess histamine release, biopsies taken
to count mast cell numbers and assess total tissue histamine
levels, and echography used to monitor the thickness of the

skin.

Methods

Study population

Ten male volunteers aged 19 ± 35 years (mean 23.3+1.12
years) gave written informed consent and participated in the
study. Ethical approval was granted from Southampton and

South West Joint Research Ethical Committee (submission
no.08/99). Exclusion criteria included subjects taking any
drug with antihistaminic activity, non-steroidal anti-in¯am-

matory drugs, corticosteroids or drugs that a�ect the
cardiovascular system. Subjects who su�ered from dermato-
logical or cardiovascular conditions were also excluded.

Dermal provocation with histamine and codeine

Intradermal injections of 20 ml of 0.3 mM codeine (Martin-

dale Pharmaceuticals, Romford, Essex, U.K.) in phosphate
bu�ered saline (PBS) were used to cause mast cell
degranulation. As a positive control, 20 ml of 1 mM histamine

(Sigma, Poole, U.K.) was injected. Both injections were made
1 mm from and parallel to the microdialysis ®bre using a 27
gauge needle and U-100 insulin syringe (Myjector, Terumo
Europe NV, Leuven, Belgium).

Assessment of weal and flare responses

Changes in dermal blood ¯ux were assessed using scanning
laser Doppler imaging (SLDI, Moor LDI, Moor Instruments
Ltd, Axminster, Devon, U.K.) as previously described

(Clough et al., 1998). Laser Doppler images were made by
scanning an area of skin 5 cm square, giving *16,000 data
points for analysis. The areas of the weal and ¯are responses

were calculated from the stored images using the manufac-
turer's software. Our experience has shown that the changes
in weal and ¯are areas may be measured to an accuracy of
+0.05 cm2 and changes in perfusion to +5% (Clough et al.,

1998).

Assessment of histamine release in vivo

Two linear cutaneous microdialysis ®bres of 2 kDa molecular
mass cut o�, 216 mm diameter, (Gambro model GFE 18,

Gambro Dialysaten AG, Germany) were used in each
subject. They were inserted 5 cm apart for a length of
20 mm at a depth of *0.6 ± 0.8 mm into the volar surface of

the forearm under topical local anaesthesia (EMLA cream;
2.5%, prilocaine, 2.5% lignocaine, Astra AB, Sweden) as
previously described (Clough, 1999). After a 2 h period for
recovery from local anaesthesia and trauma, the probes were

perfused with sterile phosphate bu�ered 0.9% NaCl saline at
a rate of 5 ml min71 using a microinfusion pump (CMA/100,
CMA/Microdialysis, Biotech, Luton, U.K.). Dialysate was

collected every 2 min between 4 min before (baseline samples)
and 20 min after injection and stored at 7208C prior to the
spectro¯uorimetric assay of histamine (Skov et al., 1985).

Determination of dermal mast cell numbers
and histamine content

Following microdialysis, a single site in the treated area of
each forearm, was in®ltrated with 2% xylocaine/adrenaline
and a 4 mm punch biopsy taken. Each specimen was cut in

half, and each half treated as follows.

Determination of mast cell numbers One half of the biopsy

was ®xed in 10% bu�ered formaldehyde and processed into
para�n from which 5 mm thick sections were cut. The
sections were then stained immunocytochemically for human

mast cell tryptase using antibody AA1 (Walls et al., 1989).
Tryptase was visualised using aminoethylcarbazole (AEC)
solution, counterstained with Mayers haematoxylin and the

number of nucleated cells in the whole section which were
tryptase-positive counted in a single blind fashion by a single
observer. The area of intact dermis in each biopsy was
measured using a computerized image analysis system

(Colorvision 1.76 by Improvision, Coventry, U.K.) and the
number of mast cells expressed per mm2.

Determination of tissue histamine The other half of the 4-
mm punch biopsy was put in a preweighed polypropylene
tube with 200 ml distilled water, weighed again in order to

determine the weight of the biopsy and frozen at 7808C. Just
prior to histamine assay, the biopsies were thawed and frozen
at 7208C six times to disrupt intact cells and release the
histamine. Histamine was then measured by immunoassay

(Immunotech, France). Histamine was then calculated as ng
histamine mg71 tissue.

Determination of skin thickness

The thickness of the combined epidermis and dermis was

measured by echography (DermaScan C ver. 3, Cortex
Technology, Denmark). Two separate scans of 2 cm2 in area
were made within the treated areas of each forearm. From

each scan, three measurements of skin thickness were made
and the mean of the six measurements expressed as a single
estimate of skin thickness in mm.

Study protocols

Subjects attended the laboratory on two occasions. At the

®rst visit, the skin thickness of both forearms was measured.
Subjects were then supplied with 0.05% clobetasol propio-
nate ointment (Dermovate, Glaxo, Middlesex, U.K.) and
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base control (white soft para�n, Adams Healthcare, Leeds,
U.K.) and asked to apply a 1 cm length of ointment to an
area of approximately 1065 cm on each forearm either once

24 h before returning to the laboratory or daily for 21 days.
At the second visit of both studies, two microdialysis ®bres

were inserted into each forearm and codeine and histamine
injected intradermally. Dialysate was collected every 2 min

for 4 min before and 20 min after injection. Laser Doppler
images were taken before and at 5, 10, 15 and 20 min after
injection to estimate the weal and ¯are areas. As estimates of

weal and ¯are areas were qualitatively similar at all time
points, only the data for 10 min are cited in the results
section. In the 21-day study only, a biopsy was taken from

each forearm on a healthy area of skin treated by the
ointments. Skin thickness measurements were repeated.
The tubes of ointment were also re-weighed from which it

was calculated that the mean amounts of clobetasol
propionate and white soft para�n applied per day were
307+20 and 432+44 mg respectively.

Statistics

As the data obtained in this study were not normally

distributed, results are expressed as medians (95% con®dence
limits). Di�erences between clobetasol treated and base
control sites were analysed using the Wilcoxon Signed Rank

Test. A signi®cance level of P50.05 was taken as statistically
signi®cant.

Results

Weal responses

In the study in which clobetasol was applied for 24 h only,
there were no statistically signi®cant inhibitions of weal

responses. The weal areas in the clobetasol and control sites
following codeine injection were 0.60 (0.33 ± 0.84) cm2

(median with 95% con®dence limits) and 0.89 (0.52 ± 1.40)

cm2 (P=0.059, n=6) respectively. The corresponding areas of
the weals in response to histamine were 0.53 (0.36 ± 0.76) cm2

and 0.47 (0.39 ± 0.76) cm2 (P=1.00, n=6).
In the 3-week study, comparison of responses in the

control and clobetasol propionate treated sites showed
marked di�erences in the weal responses to codeine and
smaller di�erences in those to histamine. As the data

obtained at 5, 10 and 20 min were qualitatively similar, only
the results obtained at 10 min are illustrated (Figure 1). At
this time after codeine injection, the median weal area in the

clobetasol treated arm was 0.26 (0.20 ± 0.36) cm2 compared
with 0.63 (0.50 ± 0.95) cm2 in the control arm, a reduction of
59% (P=0.006, n=10). The corresponding values following

histamine injection were 0.30 (0.24 ± 0.45) cm2 and 0.41
(0.38 ± 1.01) cm2 respectively, a reduction of 27% (P=0.019,
n=10).

Flare responses

In the 24-h study, there were no statistically signi®cant

inhibitions of ¯are responses. The ¯are areas in the clobetasol
and control sites following codeine injection were 20.8 (16.2 ±
4.8) cm2 and 24.2 (18.0 ± 29.0) cm2 (P=0.402, n=6)

respectively. The corresponding areas of the ¯ares in response
to histamine were 16.7 (11.7 ± 25.7) cm2 and 23.9 (13.8 ± 30.6)
cm2 (P=0.295, n=6).

In the 3-week study, codeine-induced ¯are responses were
reduced by clobetasol (Figure 1), the median ¯are area at 10
min in the clobetasol treated arm being 9.3 (8.2 ± 4.7) cm2

compared with 21.9 (17.6 ± 24.6) cm2 in the control arm, a

reduction of 58% (P50.006, n=10). The corresponding
values following histamine injection were 10.8 (7.9 ± 13.3) cm2

compared with 15.7 (9.5 ± 21.7) cm2 respectively. The

apparent reduction of 31% was not statistically signi®cant
(P=0.126).

Codeine-induced histamine release

Histamine released into the dermis following codeine

injection was recovered using microdialysis. There were no
di�erences in the time course of histamine release between the
control and clobetasol propionate treated sites in both the
24-h and 3-week studies, peak releases occurring at 2 ± 4 min.

In the 24-h study, clobetasol treatment did not signi®cantly
inhibit codeine-induced histamine release, the median con-
centrations for steroid treated and control sites being 1.74

(0.72 ± 7.14) mM and 1.41 (0.70 ± 3.65) mM (P=0.059). In the
3-week study, peak histamine levels (Figure 2) were reduced
by clobetasol treatment to a median concentration of 0.67

(0.34 ± 1.43) mM from control levels of 1.20 (0.95 ± 2.56) mM
(44% reduction, P=0.022, n=7).

Dermal mast cell numbers and histamine content

The mast cells present in the dermis, the majority of which
appeared to be clustered around the blood vessels, were fewer

at the site treated for 3 weeks with clobetasol, 18.9 (11.5 ± 6.9)
cells mm72 compared with 36.0 (24.8 ± 48.9) cells mm72 in the
control arm (Figure 2). The reduction in mast cell numbers of

47% was statistically signi®cant (P50.014, n=8). In the
same biopsies, the median tissue histamine content was 5.37
(1.98 ± 10.44) ng histamine mg71 of tissue at the clobetasol

treated site while at the control site it was 11.20 (7.90 ± 16.33)
ng histamine mg71 of tissue, a reduction of 52% (P=0.006,
n=10) (Figure 2).

Skin thickness

The combined dermal and epidermal thickness was reduced

by 15% by 3 weeks treatment with clobetasol (Figure 3) from
an original median thickness of 1.49 (1.22 ± 1.89) mm to 1.27
(1.08 ± 1.70) mm (P=0.014, n=8). There was no signi®cant

change in the thickness of the skin in the arm treated with
base, the values at the beginning and end of treatment being
1.49 (1.24 ± 1.85) mm and 1.51 (1.34 ± 1.96) mm respectively

(P=0.272, n=8).

Discussion

The present studies demonstrate that a single application of
clobetasol 24 h before test had no signi®cant e�ect on weal

and ¯are responses induced by either codeine or histamine. In
contrast, treatment with clobetasol for 3 weeks caused a
marked reduction in the responses to codeine and a smaller
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inhibition to those induced by histamine. The major

mechanism underlying this reduction is a reduction in the
number of dermal mast cells present within the skin with a
consequential reduction in total histamine. A reduction of the

responsiveness of the vasculature to histamine appears to be
a minor contributory factor.

Twenty-four hours was chosen as the earliest time at which

to test clobetasol as the majority of its actions are a
consequence of steroid-induced modi®cation of transcription,
the e�ects of which take several hours to become manifest

(Barnes, 1998). Also, a `skin blanching' e�ect, indicative of an
e�ect on the vasculature, is seen at this time. While skin

Figure 1 The e�ect of clobetasol on weal and ¯are responses induced by (a) codeine and (b) histamine. Areas of the volar forearm
skin were treated for 21 days with either white soft para�n (control) or 0.05% clobetasol propionate (steroid) before provocation of
weal and ¯are responses by the intradermal injection of codeine (20 ml of 0.3 mM) or histamine (20 ml of 1 mM). Weal (open symbols)
and ¯are (closed symbols) responses were assessed 10 min after provocation.

Figure 2 The e�ect of clobetasol on codeine-induced histamine release, tissue histamine levels and dermal mast cell numbers. Areas
of the volar forearm skin were treated for 21 days with either white soft para�n (control) or 0.05% clobetasol propionate (steroid).
(a) The peak histamine concentration recovered by microdialysis following intradermal injection of codeine (20 ml of 0.3 mM). (b)
Tissue histamine levels and (c) mast cell numbers in biopsies taken at 21 days.
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blanching may be observed by eye and by colorimetry, it was
not detectable by scanning laser Doppler imaging using the

con®guration optimal for detecting increases in skin blood
¯ow (Huang et al., 1996). However, clobetasol did not
change the ability of the vasculature to respond to

vasodilator stimuli at this time as evidenced by the
unchanged responsiveness to histamine. Also, the observa-
tions that neither the weal and ¯are response nor histamine

release was inhibited con®rms that the steroid did not inhibit
mast cell degranulation (Cohan et al., 1989; Schleimer et al.,
1983).

The ability of the glucocorticoid, when applied topically
for 3 weeks, to reduce the size of weal and ¯are response
con®rms previous reports (Olson et al., 1990; Pipkorn et al.,
1989). To investigate the mast cell dependent mechanisms of

this reduction, we used two approaches, microdialysis and
biopsy. In the microdialysis study, the time course of
histamine release, both in the presence and absence of

glucocorticoid treatment, was similar to that reported
previously (Petersen et al., 1997). However, the median peak
histamine concentration was 44% lower in the clobetasol

treated arm compared with control. In the biopsy study, the
number of dermal mast cells was 47% lower, and the tissue
histamine 52% lower in clobetasol treated skin compared

with control. The corresponding reductions in median weal
and ¯are areas were 59 and 59% respectively. Taken
together, these data suggest that a reduction in the amount
of histamine released in response to codeine is a major

determinant in inhibiting the weal and ¯are response.
Furthermore, the reduced histamine release is a consequence
of reduced mast cell numbers rather than an inhibition of

degranulation.
The failure of glucocorticoids to inhibit degranulation of

human mast cells con®rms previous observations (Cohan

et al., 1989; Lavker & Schechter, 1985; Pipkorn et al.,
1989; Schleimer et al., 1983). However, in rodent mast
cells, where most mechanistic studies have been performed,

a clear inhibition of mediator release by glucocorticoids is
seen (Church et al., 1972; Daeron et al., 1982; Marquardt
& Wasserman, 1983). The most likely explanation for this

di�erence is that rats and mice are `cortisone sensitive'
animals whilst humans, like other primates and the
guinea-pig, are `cortisone resistant' (Shewell & Long,
1956).

The reduction of mast cell numbers and histamine levels in
the skin con®rms previous studies (Lavker & Schechter, 1985;
Pipkorn et al., 1989). This reduction in mast cell numbers

along with tissue histamine content could result from one of
three possible mechanisms; a reduction in mast cell precursor
recruitment, a reduction in factors present in the dermis

required for mast cell maturation and histamine synthesis and
an increase in apoptosis. Of these, a reduction of histamine
synthesis by suppressing histidine decarboxylase activity

(Telford & West, 1961) would seem unlikely as the calculated
histamine content per mast cell was similar, 2.84 and 3.11 pg
cell71, in biopsies from steroid treated and control skin
respectively. A more likely explanation is the reduction by

glucocorticoids of the local production of mast cell growth
factors. One possible factor is stem cell factor, a cytokine
crucial for mast cell recruitment, development and survival

(Castells et al., 1996; Costa et al., 1996; Demitsu et al., 1999;
Finotto et al., 1997) whose NF-kB-stimulated transcription
by dermal ®broblasts is inhibited by glucocorticoids of

(Barnes & Larin, 1997). Another possibility is IL-4, depletion
of which by glucocorticoids has been shown to increase
apoptosis of cultured murine mast cells (Yoshikawa et al.,

1999).
When considering the e�ects of steroids on the vascu-

lature, it is essential to distinguish between the direct and
indirect e�ects of mast cell mediators. The direct e�ects of

histamine at the site of its injection are an initial
vasodilatation followed by the development of a weal. The
latter results from a direct e�ect of histamine in causing

endothelial cell contraction to allow exudation of plasma
proteins into the extravascular space (Moy et al., 2000)
which may be susceptible to inhibition by steroids

(Hossmann et al., 1983; Perretti & Ahluwalia, 2000).
However, there is also evidence that tolerance develops to
these e�ects of steroids following 6 ± 10 days continuous
treatment (Singh & Singh, 1986; Singh et al., 1996). Our

data showed a modest, but statistically signi®cant inhibitory
e�ect of clobetasol at 21 days.

In contrast to the weal, the ¯are is an indirect e�ect of

histamine, the more widespread vasodilator response being
mediated by neuropeptides released during axon re¯exes
stimulated by histamine (Petersen et al., 1997). The failure of

clobetasol to cause a statistically signi®cant inhibition of the
¯are response to histamine indicates that, in this study,
glucocorticoids did not e�ect either activation of sensory

nerves by histamine or the responsiveness of the vasculature
to vasodilator neuropeptides.

Measurement of the combined dermal and epidermal
thickness revealed a reduction of 15% with 21 days daily

treatment with the potent topical glucocorticoid, clobetasol.
Informal measurements made on the subjects 2 ± 3 weeks
later, showed that this acute thinning was reversed on

cessation of treatment. These results con®rm previous data
that show a substantial thinning of the skin after even a
relatively short period of corticosteroid treatment (Haapa-

Figure 3 The e�ect of clobetasol on skin thickness. Areas of the
volar forearm skin were treated for 21 days with either white soft
para�n (control) or 0.05% clobetasol propionate. Measurements of
skin thickness were taken in both arms before (day 0) and at the 21st
day of treatment.
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saari et al., 1998; Schwartz et al., 1994) and illustrate the
need for care to be used when using potent corticosteroids in
dermatology.

These studies indicate that the primary mechanism by
which prolonged treatment with glucocorticoids inhibit the
weal and ¯are in humans is by reducing the number of mast

cells in the skin although an inhibitory e�ect on the
responsiveness of the vasculature is a contributory factor.
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