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We assessed the effect of prednisone pretreatment (50 mg/
day for three days) on the development of the early increase
in histamine reactivity that occurs soon after resolution of
the immediate response in allergic humans. Four allergic
subjects who were known to develop only isolated immediate
responses upon Kentucky bluegrass inhalation, as well as
four mild allergic asthmatic subjects known to develop
typical dual phase responses, were evaluated. All testing
was done more than nine weeks after the grass pollen
season had ended. Allergen inhalation produced an imme­
diate response in all subjects. However, upon resolution of
the immediate response to allergen in these pretreated
subjects, the PC.JIis in all dual responding asthmatics and

Recently, we have reported that airway reactivity
increases soon (within two hours) after resolution

of the immediate response to allergen that occurs in
both dual responding asthmatic subjects l and isolated
immediate responders.2We have termed this phenom­
enon "early onset increase in airway reactivi~" or
EOR. Previous reports have described enhancement
of airway reactivity that occurs temporally in associa­
tion with the late asthmatic response. 3 •4 This response
is thought to require many hours to manifest clinicall~

This later increase in reactivity reported by several
investigative groups in dual responding asthmatic
subjects has been shown to be abolished by prednisone
pretreatment.5•6 By virtue of the time at which the
observations were made, it has been thought that this
prednisone effect may be related to its inhibitory
inHuence on cellular inHammatory infiltration in the
airways that has been associated with the "late asth­
matic response." However, cellular infiltration of air­
ways is not thought to be associated with the immediate
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in three of the four isolated immediate responders had
substantially increased above baseline values. We conclude
that prednisone pretreatment leads to histaminic hyporeac­
tivity soon after resolution of the immediate allergic re­
sponse in both dual responding asthmatics and isolated
immediate responders. It would seem that this prednisone
effect is independent of its potential influence on the inftux
of inftammatory cells into diseased airways.

(Chest 1989; 95:314-19)

PC.,IIis=dose of histamine that doubled SRsw; EOR=early
onset increase in airway reactivity.

response in either isolated or dual phase responders
to allergen.7

Consequently, we were interested in investigating
the potential effects that prednisone pretreatment
might have on EOR in both isolated immediate
(henceforth called "isolated responders") and dual
phase responders. We assessed histaminic reactivity
before and soon after resolution of an immediate
allergic response provoked in Kentucky bluegrass
allergic subjects. For both the isolated and the dual
phase responding subgroups, measurements were
made on two separate occasions: the first occasion was
done to document the occurrence and degree of EOR
postallergen in each subject of the subgroup;2 and the
second was done subsequent to prednisone pretreat­
ment (50 mg/day for three days) to ascertain its effect.
To obviate the possible effects that changes in airway
caliber could have on reactivity testing, we waited to
reevaluate all subjects postallergen until after their
immediate allergic response had resolved. It has
previously been shown in hyperreactive subjects that
as many as four serial, cumulative histamine challenge
tests at 30 to 40 minute intervals can be done
reproducibl~ 8

METHODS

Subjects

Our study population consisted of two groups (Table 1). One group
consisted of four subjects (one woman and three men, between 28
and 40 years of age) in whom dual phase responses after inhalation
of bluegrass allergen has been previously documented. The second
group consisted offour subjects (one woman and three men, between
23 and 36 years of age) who previously had been shown to manifest
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Table 1-Characteristics ofSubjects

Subject Baseline FEV. Current
No.lSex/Age (Pre-lPostPrednisone) Medications·

Isolated responders
5/M/23 4.14/4.08 None
6/M/26 3.8613.95 None
7/M/24 4.44/4.48 None
8/F/36 2.86/2.84 None

Dual Responders
lIM/28 5.3015.24 None
2/M/40 3.24/3.26 None
3/F/25 2.9413.00 (Synthroid)
4/MI3O 3.3313.26 B, C Daily

*A, antihistamine; B, inhaled beta-adrenergic agonists; C, cromolyn
sodium; T, slow-release theophylline compound.

only isolated immediate responses after bluegrass allergen inhala­
tion.

All subjects had cutaneous prick test reactivity to bluegrass
allergen. Intradermal cutaneous titration testing was performed
using threefold increasing concentrations of bluegrass allergen in
order to determine each subjects cutaneous threshold concentration
to bluegrass. All studies were performed more than nine weeks
after the grass pollenating season. Each subject had absent or
minimal asthmatic symptoms at the time ofthe study. All medications
that subjects had been using (Table 1) were withheld for at least 24
hours prior to allergen or histamine bronchoprovocation test days.
This study was performed with the approval of the University of
Cincinnati Human Research Committee and with the informed
consent of the participants.

Study Design

In all subjects, airway responses were monitored by FEV. and
SRa~ All eight subjects had baseline histamine airway challenges
on two separate occasions: the first was done to document the
occurrence and degree of EOR post-allergen;2 and the second done
subsequent to prednisone pretreatment (50 mg/day for three days)
to ascertain its effect. On the first occasion, histamine challenges
were done both 24 hours and one hour prior to bluegrass allergen
bronchoprovocation. The next histamine challenge was performed
after resolution of the immediate allergic response with FEV. had
returned to within 5 percent ofthe preallergen value. Subsequently,
hourly FEV. and SRaw measurements were done.

Procedures

FEV. measurements were made using a flow sensor; FEV1 values
reported in this study were mean values derived from three separate
measurements on each occasion. The SRaw was measured using a
constant volume, whole body plethysmograph, and a quiet breathing
technique previously described by Krell et al9 that we have also
found useful for animal testing. 10 Briefly, airflow was measured with
a heated pneumotachograph connected to a differential pressure
transducer. Box pressures were also measured with a pressure
transducer. Electrical outputs from both these transducers via
carrier demodulators were amplified by a dual trace amplifier, and
displayed simultaneously on an X-V storage oscilloscope so that the
angle described during the initial, rapid phase of inspiration could
be measured and SRaw calculated from it. So that the inspiratory
limb was sharply defined on the oscilloscope screen for measure­
ment, subjects breathed slightly faster than their usual respiratory
rate (20 to 24 breaths/min).

Serial dilution of histamine (64 mg to 0.03 mglml) were prepared
at 14 day intervals from a stock supply ofhistamine dihydrochloride.
All dilutions were made with normal saline solution. Aerosol (with
a particle size of 1 to 2 ....m aerodynamic mass median diameter)

was generated using a·nebulizer equipped with a modified dosimeter
that was triggered manually upon the onset ofeach tidal inspiration.
This dosimeter delivered a stream ofcompressed air to the nebulizer
at 25 PSI for 0.6 s per inspiration. For histamine challenge testing,
each subject inhaled ten tidal breaths of increasing histamine
concentration. The concentration was doubled at six minute inter­
vals until a 200 percent increase in SRaw was measured. The
concentration of histamine chosen for initial bronchoprovocation
was based on past respiratory and medication histories. All subse­
quent testing began with the same concentration of histamine. The
provocative concentration of histamine which produced a doubling
in SRaw from baseline values (the PClIOOHis) was determined by
interpolation from a dose-response curve plotted on semilogarithmic
paper.

Allergen skin testing and bronchoprovocation was performed
using lyophilized Kentucky bluegrass extract. Allergen bronchopro­
vocation, using a separate nebulizer, was begun with an allergen
bluegrass concentration that was one log below that of the intracu­
taneous threshold dose. The concentration of allergen producing at
least a 3 mm wheal greater than the saline solution control was
considered to be the intradermal threshold concentration. After
baseline saline solution airwaychallenge, ten tidal breaths ofthreefold
increasing concentrations of bluegrass allergen, were administered
at ten-minute intervals until there was at least a doubling ofSRaw and
a 20 percent decrease in FEV1 below the baseline values. Measure­
ments of SRaw and FEV1 every ten minutes thereafter were
performed postallergen to detect when and how long the immediate
allergic responses occurred; thereafter, hourly measurements were
made to detect late asthmatic responses ifthey occurred.

Changes in group SRa~ FEVI' and in the log transformed values3

for delta PClIOOHis (log PClIOOHis on the first day before allergen
minus log PClIOOHis on the subsequent occasion) were compared
using Students t-test. In all cases, differences were considered
significant for p values less than 0.05.

RESULTS

Characteristics of the subjects in each subgroup are
shown in Table 1. The mean baseline FEV1 of the
isolated responders was similar to that for the dual
phase responders (Table 1). In addition, baseline SRaw
values in both subgroups prior to allergen challenge
were comparable. In no subject was SRaw after the
first histamine challenge (0.1 mwml) (Fig 1 and 2)
different from baseline values.

In both subgroups of bluegrass allergic subjects,
baseline PC20QHis determinations on the two prealler­
gen test days were similar (Fig 3). The mean baseline
PC200His values on day 1 for the isolated responders
was higher than that determined for the dual phase
responders (Fig 3).

Results of histamine challenge testing done shortly
after resolution of the immediate allergic response in
both subgroups are shown in Figures 1 and 2. 2 All
eight subjects in both subgroups demonstrated a
decrease in PC200His upon resolution of the immediate
response. This change was noted to occur within 80
to 140 minutes after allergen inhalation in the subjects
tested. The mean decrease in PC20QHis (Fig 3) in both
subgroups (at this time compared to day 1 preallergen)
was significant (p<O.05). Although the percentage
change in reactivity status at this time was greater in
the dual responders, this was not significant.
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FIGURE 1. Dose-response curves demonstrating effect ofinhalation ofbluegrass allergen on airway reactivity
to aerosolized histamine in dual responders. Curves were obtained on each of two days of prior allergen
challenge (solid circles); on the day ofallergen exposure within ten minutes after resolution (open triangles)
of the immediate responses;· and on a subsequent occasion after prednisone pretreatment, both before
(open circles, dashed lines) and after resolution of the immediate response postallergen (solid triangles,
dashed lines). In each case, response was measured as SHaw before and after histamine. Each subject
demonstrated a substantial increase in histamine reactivity soon after the immediate response had resolved.
In contrast, after prednisone pretreatment, although baseline reactivity was unaltered by prednisone
pretreatment, each subject manifested histaminic hyporeactivity soon after resolution of the immediate
response.
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FIGURE 2. Dose-response curves demonstrating effect ofinhalation ofbluegrass allergen on airway reactivity
to aerosolized histamine in isolated responders. Curves were obtained on each of two days prior allergen
challenge (solid circles): on the day ofallergen exposure within ten minutes after resolution (open triangles)
of the immediate response;1 and on a subsequent occasion after prednisone pretreatment, both before
(open circles, dashed lines) and after resolution of the immediate response post-allergen (solid triangles,
dashed lines). In each case, response was measured as SHaw before and after histamine. Each subject
demonstrated a substantial increase in histamine reactivity soon after the immediate asthmatic response
had resolved. In contrast, although baseline reactivity was unaltered by prednisone pretreatment, three
of the four subjects manifested histaminic hyporeactivity soon after resolution of the immediate response.
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in the isolated responders was also substantial, this
was not significant for the subgroup (p<0.09) in
relation to day 1 preallergen values. However, in
comparison to the PC200His values determined soon
after the immediate responses prior to prednisone
pretreatment (rather than day 1 values), this decrease
in reactivity for the subgroup was highly significant
(p<O.Ol).

DISCUSSION

In this study, we have demonstrated that the increase
in airway reactivity that occurs soon after resolution
of the immediate response induced by allergen (ie,
EOR) is inhibited by prednisone. It has been our
experience that this EOR occurs in both isolated2 and
in dual phase responders to allergen. 1 Prednisone
pretreatment abolished this effect in both subject
groups. However, in neither of these groups did
prednisone have an influence on baseline airway
reactivity prior to allergen challenge. Soon after
resolution of the immediate response in both atopic
groups, at a time when their allergen-induced airway
constriction had resolved, we were surprised to find
that their histaminic reactivity had actually decreased
significantly in relation to values determined prior to
allergen exposure. To our knowledge, this is the first
report of such an effect of prednisone pretreatment.

This profound histaminic hyporeactivity in predni­
sone pretreated subjects occurring soon after resolu­
tion of the immediate allergic response is a curious
phenomenon. We are unaware of such an observation
or an analogous one having been made before. That
prednisone inhibited EOR in both isolated and dual
phase responders suggests to us that its effect may be
independent of its potential influence on the influx of
inflammatory cells into diseased airways. In this and
our previous experience, 1.2 we have determined that
EOR occurs within 140 minutes after allergen expo­
sure. A recent publication concerning the percentages
ofinflammatory cells present in bronchoalveolar lavage
fluid obtained at two to three hours after allergen
challenge in dual responders, and at six to seven hours
in isolated responders showed no significant changes
between these groups and compared to control sub­
jects. 7 Therefore, the fact that EOR postallergen occurs
in both isolated and dual phase responders suggests
to us that this increase in reactivity is not reflected by
percentage changes in the neutrophilic, eosinophilic,
or lymphocytic composition of lavage fluids from such
atopic subjects. It is conceivable, however, that such
a change in reactivity in both isolated and dual phase
responders may be a result of inflammatory cell
accumulation in the airway tissue microvasculature.
Such cellular accumulation may not be expressed on
the airway surface, and hence, in lavage fluids.
Whether or not there are other changes in bronchoal-
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On the second occasion, subsequent to three days
of prednisone pretreatment (total dose 150 mg), his­
tamine reactivity prior to allergen was comparable in
each subject to that determined on the prior occasion
(Fig 1 and 2). Subsequent to prednisone pretreatment,
mean PC200His values were very similar to those
determined on day 1 prior to prednisone pretreatment
(Fig 3).

In contrast, after prednisone pretreatment, all dual
phase responders and three of the four isolated re­
sponders manifested histaminic hyporeactivity (Fig 1
and 2) soon after resolution of the immediate response
(in relation to their reactivity status on day 1 prealler­
gen). This occurred despite the fact that prednisone
did not appear to affect the degree of the immediate
response elicited by allergen in any of the subjects
tested. The change in reactivity status soon after
resolution of the immediate response was clearly
significant (p<0.05) in the subgroup ofdual responders
(Fig 3). Although the decrease in histaminic reactivity

FIGt.:RE 3. Comparison ofchanges in PC200His after allergen to initial
values (day 1) determined before allergen exposure. The PC200 His
was derived by interpolation from dose-response curves (as specified
in text). Each bar represents mean ± SE for four subjects in each
subgroup. Asterisks indicate the values that are different from day
1 preallergen values for each subgroup (p<O.05). The increase in
histaminic reactivity observed soon after resolution ofthe immediate
response in both subgroups was marked. After prednisone pretreat­
ment, substantial airway hyporeactivity was observed in both subject
subgroups soon after resolution of the immediate allergic response
and despite the fact that prednisone did not alter baseline histaminic
reactivity prior to allergen exposure.
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veolar lavage fluids which do relate to mechanisms
that are responsible for EOR remains to be fully
investigated. It seems possible that there may be
changes in the content of bronchoactive mediators in
lavage fluids from such allergic subjects if these
substances are elaborated by airway cells and diffuse
into airway lumina after allergen exposure, as has
been shown in nasal washings from subjects with
allergen-induced rhinitis. 11

In both isolated and dual phase responders, it
appears that the immediate response is at least partially
related to the release of histamine. 12 However, this
histamine release is presumably not responsible for
EOR in that serial bronchial challenges with histamine
have not been shown to increase reactivity after
histamine-induced airway constriction resolves. 8 Thus,
other factors are presumably responsible for the im­
mediate allergic response.

Taken with our previous experience,1.2 the present
study suggests to us that EOR postallergen may be
common to both isolated and dual phase responders.
This increase in reactivity may result from the release
of mediators during or soon after an allergen-induced
immediate response that potentiates airway smooth
muscle tone to histamine at that time. In this regard,
the recent report by Arm et al13 is of substantial
interest. In this stud}; baseline measurements of
specific airway conductance (SGaw) were made in five
asthmatic subjects before and after inhalation ofa dose
of leukotriene E4 which caused a 35 percent fall in
SGaw that remitted spontaneously to baseline values
over the ensuing 60 to 90 minutes. When SGaw had
returned to baseline values, these investigators found
that all five subjects manifested a mean increase in
airway histamine reactivity of3.5 fold. 13

Although it is unclear at present what specific
mediators are responsible for the immediate and late
phase response in man, studies in vitro of human
airways have provided some insights. Allergenic chal­
lenge in vitro of sensitized human bronchi produces
airway muscle contraction that appears to have both
an "early" and "late phase," the latter occurring within
20 minutes of exposure. 14 Such stimulation of sensi­
tized human bronchi has also been shown to result in
the formation of a number of cyclooxygenase metab­
olites of arachidonic acid. 15•16 In addition, it appears
that allergen-induced bronchospasm in vitro17 involves
histamine and slow-reacting substance of anaphylaxis
(now known to consist ofleukotrienes C4, D4and E4).
These mediators are potent airway spasmogens and
may also augment responsiveness to other broncho­
constrictors both in vitro18 and in vivo,19 as may
"platelet activating factor."2O

Linked with these observations, our study leads us
to speculate that prednisone may reduce histaminic
responsiveness after the immediate allergic response

318

by affecting the production of mediators that would
otherwise result. Repeated allergen challenges in vitro
of sensitized airway preparations leads to rapid hista­
minic tachyphylaxis. 21-23 Perhaps, such histaminic hy­
poreactivity might also develop in vivo if allergen
exposure of asthmatic subjects did not also lead to the
generation of other bronchoconstricting mediator(s).24
Thus, these mediators might, in fact, mask histaminic
hyporeactivity that may develop in vivo postallergen.
By inhibiting the generation of these mediators, pred­
nisone pretreatment may reveal this hyporeactivit~
Alternatively, it is possible that prednisone pretreat­
ment may stimulate the production of other factors
which (over)compensate for the airway constriction
induced by allergen (and histamine) exposure. Such
mediators may affect airway muscle tone and reactivity
status without necessarily affecting baseline airway
caliber as it is indirectly reflected by SRaw or FEVl .

Future studies to investigate these issues are clearly
warranted.
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