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Effect of Betamethasone on the
Dual Reaction to Anti-Human IgE in Man:
Influence of Time Interval between
Administration of Drug and Anti-IgE
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The influence of the time interval between administration of a glucocorticoid, betametha-
sone, and anti-IgE on the effect of the drug on the early and late phase response (LPR) to
anti-IgE was examined in 38 volunteers in a randomized controlled study. The immediate
flare and wheal responses to intradermally (id.) injected anti-IgE were inhibited by
approximately 20 and 30% respectively by a 10 day i.d. pretreatment period with repeated
50 ng doses (total 300 (ig) of betamethasone (P < 0.01), whereas responses to histamine
were not influenced. A single i.d. injection of 50 ng betamethasone 24 h prior to anti-IgE
challenge attenuated the wheal response (P < 0.05), whereas injection of the drug 2 h prior
to and together with anti-IgE had no influence on the early response. Corresponding LPRs
were reduced approximately 30% throughout the observation period of 1-24 h (P < 0.01).
Injecting the drug i.d. 30 min following anti-IgE challenge had no significant influence on
the total observation period (1-24 h) of the LPR but antagonized the LPR by 35 % at 6-24
h (P < 0.01). It is concluded that glucocorticoids inhibit IgE-dependent LPRs. When
extending the topical pretreatment period with the compounds also the early part of the
allergic reaction is attenuated.
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CLINICAL ASPECTS
A late phase response (LPR) in airways foliowing allergen challenge is a common clinical
phenomenon. The reaction has certain counterparts in the LPR evoked hy alleigen and
anti-IgE in skin. In volunteers the glucocorticoid betamethasone iqjected intradennally (i.d.)
shortly hetore and together with anti-IgE antagonized the LPR with no consistent effect on the
early reaction. A 10 day i.d. high-dose pretreatment period attenuated the early response as
well. Notahly, betamethasone antagonized the LPR also when administered shortly after
anti-IgE challenge. This accords with the clinical observation of a beneBcial action by
glucocorticoids on late sustained inflammatory reactions when given after allergen challenge.

The pathogenesis of the early and late phase together with or shortly prior to an allergen,
allergic response (LPR), the so-called dual re- glucocorticoids are potent inhibitors of the LPR
action, is generally believed to involve an IgE- without a clear-cut inhibitory effect on the
dependent release of mast cell-derived medi- early reaction (9, 14, 17, 19, 21, 25). In analogy
ators with the subsequent activation of a bio- we showed a marked anti-LPR effect but no
chemical cascade reaction leading to the ex- influence on the early response by 50 (Xg beta-
pression of an LPR (10). When administered methasone given intradermally together with
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anti-human IgE in healthy subjects (14). The
purpose of the present investigation was to
further study the time dependency of the anti-
allergic action of betamethasone by systematic-
ally varying the time interval of injection be-
tween the drug and anti-IgE.

MATERIAL AND METHODS

Antiserum and chemicals

Anti-human IgE was kindly supplied by Profes-
sor S. Gunnar O. Johansson, Department of
Clinical Immunology, Karolinska Hospital,
Stockholm, Sweden. The antiserum was raised
in rabbits against Fc fragments from a human
IgE myeloma protein. ,The serum was precipi-
tated and washed with 18% Na2SO4, dissolved
and dialysed against sodium chloride (0.15 mol/
1) to 1/20 (v/v) containing 0.02 g/l specific anti-
body activity, passed through a millipore filter
(0.45 nm) and stored at -I-4°C. The anti-IgE,
histamine dihydrochloride, normal rabbit IgC
diluted 1/10 (v/v) and betamethasone phos-
phate (Betapred®, Glaxo Laboratories Ltd.,
Greenford, Middlesex, England) were taken on
the day of each experiment and further diluted
with physiological saline containing 0.3%
phenol.

Skin testing

Skin testing was performed in a total of 38
healthy volunteers (36 females, 2 males), 17-59
years of age (mean 31), and on no medication.
Anti-IgE diluted 1/330 (v/v) and betametha-
sone, 50 |ig (2.5 X 10~' mol/1), were injected
intradermaliy (i.d.) with a micrometer and a
tuberculine syringe respectively, with various
time intervals, in 7—10 subjects in each of three
trials, i.e. the same test subjects did not take part
on all occasions. Betamethasone or saline (con-
trol) in 30 (il was randomly injected in the volar
aspect of the forearm 24 and 2 h prior to and
together with anti-IgE. All injection sites were
carefully outlined with a marking pen to enable
later injection with anti-IgE. In another trial the
pretreatment period was extended to 10 days.
Betamethasone or saline in 50 pil were injected

repeatedly into two sites on six occasions with
24-72 h intervals between the injections. Chal-
lenge with anti-IgE or 5 ng histamine followed
24 h after the last injection of betamethasone or
saline. Administration of the drug or saline in
100 \il 0.5 h subsequently to injection of anti-
IgE was performed by i.d. injection into the
anti-IgE injection site as well as by subcutaneous
infiltration of the whealing in four directions.
Normal rabbit IgG diluted 1/330 (v/v) was also
administered to each test subject for specificity
reasons.

Early flare and wheal reactions were outlined
with a marking pen 15 min after injection of
anti-IgE and traced on a transparent film for
later planimetric measurement. Two perpendi-
cular diameters (D x d) of the swelling reaction
(LPR) to anti-IgE were measured at defined
time-intervals up to 24 h by the test subjects
themselves after thorough instructions. Mea-
surements of early reactions in the 10-day pre-
treatment trial and LPRs at 6 h in all trials were
made by independent observers. These ob-
servers and the test subjects were informed
about the aim of the study but not of the order
of injection of the different compounds.

The size of the early and late reactions to
anti-IgE (mm^ and mean arithmetic diameter)
at drug-treated and control sites was compared
in each individual, and differences for early
reactions evaluated by paired Student's t-test,
while corresponding data for LPRs were ana-
lysed by the aid of three-way analysis of variance
and rank correlation. All subjects gave in-
formed consent prior to participation in the
study which was approved by the Karolinska
Hospital Ethical Committee.

RESULTS

Early reactions. The infiuence on the early re-
action to anti-IgE by betamethasone injected
i.d. at various time-intervals in relation to anti-
IgE is shown in Fig. I. Betamethasone injected
repeatedly i.d. during 10 days with a total dose
of 300 [ig had no influence on histamine-
induced responses (not shoWn) but inhibited
the flare and wheal responses to anti-IgE by 17
and 28% respectively {P < 0.01). Betametha-
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Fig. 1. Effect on flare and wheal responses to anti-IgE 1/330
(v/v), expressed as % of control, by i.d. betamethasone, 50
ng, injected repeatedly (total dose 300 (ig) for 10 days prior
to anti-IgE (-10 d) and as a single dose injected 24 (-24 h)
and 2 h (-2 h) prior to, concomitantly with (0 h) and 0.5 h
after (-1-0.5 h) anti-IgE challenge. Mean ± SEM, n = 7 in the
-10 d trial and n = 8 in other trials. *, **Significant
inhibition compared to control (P < 0.05 is denoted by * and
P < 0.01 by ** respectively).

sone injected i.d. 24 h prior to anti-IgE attenu-
ated the wheal response by 20% (P < 0.05) but
had no significant effect on the flare response.
Injecting the drug 2 h prior to or together with
anti-IgE had no effect on the early reaction
whatsoever.

Late phase reaction. Fig. 2 demonstrates the ef-
fect on the corresponding LPRs by i.d. beta-
methasone, 50 |Xg. Administration of the drug
10 days, 24 h or 2 h prior to and together with
anti-IgE produced an inhibition of 27 ± 9, 33
± 5, 18 ± 5 and 35 ± 8% respectively (mean ±
SEM) of the LPRs at 1-24 h as compared with
control reactions. There was no significant time
dependence of the anti-LPR-effect when com-
paring the data for the various treatment
periods.
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Fig. 2. Effect on LPR (arithmetic mean diameter, mm) to
anti-IgE 1/330 (v/v) by betamethasone, 50 ng, injected i.d.
(mean ± SEM). a) 10 days prior to anti-IgE challenge (n =
7); b) 24 h prior to anti-IgE (n = 10); c) 2 h prior to anti-IgE
(n = 8); d) together with anti-IgE (n = 8); e) 30 min after
anti-IgE (n = 8).
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Infiltration with betamethasone 0.5 h sub-
sequently to anti-IgE had no influence on the
1—24 h observation period but antagonized the
LPR by 33% ± 11 (P < 0.01) at 6-24 h
following anti-IgE injection. Previous and con-
comitant administration of drug and anti-IgE
produced more marked anti-LPR-effects than
subsequent (-1-0.5 h) injection of betametha-
sone (P < 0.001, P < 0.05 and P < 0.001
respectively) whereas 10 days pretreatment
produced no additional antagonism. The anti-
LPR-effect of 10 days pretreatment with beta-
methasone correlated with the degree of in-
hibitory influence of the drug on the wheal
response (P < 0.01, rank correlation) but not
with the corresponding effect on the Oare re-
sponse.

Methodological aspects

Betamethasone, 50 fi,g, and normal rabbit IgG,
1/330 (v/v) injected i.d. caused no reaction in
excess to that of saline. A corresponding dilu-
tion of anti-IgE induced an early and late (infil-
trate 2= 10 X 10 mm at 6 h) reaction at control
sites in all test subjects. The reproducibility ex-
pressed as mean coefficient of variance (%) for
flare, wheal and LPR reactions to 1/330 anti-IgE
simultaneously injected at approximately the
same level on each forearm in nine individuals
was 4, 12 and 12%, respectively. The control
flare and wheal reactions (mm^, mean and
range) to anti-IgE 1/330 were for the various
trials on the average 1720 (940-3200) and 170
(75—565), respectively. The control fiare and
wheal responses to 5 |ig histamine, for the —10
d-trial were 1294 (650-1840) and 159 (80-250),
respectively. The magnitude of the control
LPRs (1-24 h) was comparable in the various
trials except for the -10 d-trial where the LPR
was 20-35 % smaller than in the other ones (P <
0.01).

DISCUSSION

Glucocorticoids are potent inhibitors of the LPR
in human skin and airways (10, 14, 17, 19, 25).
In vitro glucocorticoids have been demonstrated

to inhibit the IgE-mediated histamine release
from human basophils and increasingly so when
the pretreatment period was extended (20). Re-
cently, topical administration of glucocorticoids
from 12 h up to 4 weeks prior to allergen
challenge was shown to time-dependently re-
duce the bronchial and nasal early reaction (3,
18). Thus, it seems possible to influence also the
early allergic reaction by glucocorticoids pro-
vided they are given well in advance of the
allergen.

In harmony with previous in vivo data on
allergen and anti-IgE induced reactions (9, 14,
17, 19, 21, 25) we found no clear attenuation of
the early but significant inhibition of the late
part of the reaction to anti-IgE administering
betamethasone in a single dose 24 h or 2 h prior
to or concomitantly with anti-IgE. However,
when extending the pretreatment period to 10
days and administering betamethasone re-
peatedly i.d. the early response to anti-IgE was
attenuated, whereas that to histamine was not.
The inhibitory effect on the anti-IgE-induced
early response was weak. The potency of the
corticosteroid in this respect was almost two
orders of magnitude less than that previously
demonstrated for the beta-adrenoceptor stim-
ulating agent, terbutaline, let alone that the
dose of anti-IgE was considerably larger in this
study (14).

There are strong indications that the above
effect of terbutaline is mediated via antagonism
of the mast cell histamine release process (23).
Interestingly, enough inhibition by terbutaline
of the early reaction to anti-IgE in skin is
followed by attenuation of the LPR (14). Thus,
the early and late reactions to anti-IgE seem to
be interrelated. In support of this view, skin
sites previously treated with the histamine
liberator compound 48/80 produced clearly di-
minished early responses and LPRs when chal-
lenged with anti-IgE as compared to control
sites (13). Similarly, a histamine preceptor anta-
gonist attenuated both phases induced by anti-
IgE (14). Since inhibition of the early response
by betamethasone in our study was not linked
to a greater effect on the LPR (vide infra) it is
possible that the steroidal effect is preferentially
executed via interference with the generation of
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putative secondary non-histamine mediators
rather than with the mast cell release reaction
itself.

Infiltration of skin sites with betamethasone
after challenge with anti-IgE was less effective
than prior or simultaneous injection of the
drug. Yet the 6-24 h phase of the LPR was
significantly reduced by betamethasone intro-
duced after anti-IgE challenge. The results are
in accordance with the protective effect by oral
prednisolone given shortly after allergen on the
LPR to bronchial allergen inhalation (8). Our
data are also in harmony with the clinical ob-
servation of therapeutic effects on various late
sustained inflammatory phases by glucocorti-
coids administered after allergen challenge.

The anti-LPR action of glucocorticoids might
be attributed to an effect on the recruitment of
inflammatory cells as a result of the release of
chemotactic factors. The appearance in the shock
tissue of eosinophils and neutrophils 2 h after
challenge with allergen or compound 48/80 has
been shown to be antagonized by a single intra-
venous dose of or by a therapeutic oral regimen
with methylprednisolone (7, 22, 26). In contrast,
the cellularity of inflammatory exudates was not
reduced by intravenous cortisol 2 h after initi-
ation of inflammation in volunteers (1).

Glucocorticoids interfere with the metabolism
of arachidonic acid (AA) by inhibition of phos-
pholipase A activity and thus block the synthesis
of all products generated by the cyclooxygenase
and lipoxygenase pathways (2). AA metabolites
are regarded as secondary mediators produced
after the activation of the mast cell and possibly
by invading leukocytes and by platelets (16). A
number of studies indicate that thromboxanes
and prostaglandins participate in the human
skin LPR (4, 5, 6). In a placebo-controlled ran-
domized study in volunteers it was recently
shown that a therapeutic oral regimen with the
non-steroidal anti-inflammatory drug (NSAID)
indomethacin, an inhibitor of cyclooxygenase,
antagonized the oedematous swelling of the
LPR to anti-IgE (15). However, glucocorticoids
produce a more clear-cut inhibition of LPRs
than NSAID, which argues against analogous
mechanisms of action. Finally, it might be men-
tioned that tranexamic acid, a compound with

antagonistic effect on the activation of the fib-
rinolytic and complement systems, was recently
shown to attenuate the LPR to anti-IgE in.
healthy subjects, further underlining the com-
plexity of the reaction (12). Glucocorticoids
possess antagonistic effects on the secretion of
plasminogen activators from macrophages and
PMNs(ll,24).

It is concluded that the glucocorticoid beta-
methasone may inhibit the late phase response
in human skin also when administered shortly
after anti-IgE challenge. The early allergic re-
action may be slightly attenuated by the drug
when given topically well in advance of anti-
IgE.
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