
Allergy 1984,39.217-230

Inhibitory Effect of Glucocorticosteroids
on Anti-IgE-Induced Histamine Release from
Human Basophilic Leukocytes: Evidence for
a Dual Mechanism of Action
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Anti-IgE-induced histamine release from human leukocytes is inhibited when the cells
before challenge are cultured overnight in the presence of glucocorticoids ((iCSs). The
present report suggests that the CiCSs might exert their effect by at least a dual mechanism
of action. Histamine release was induced b> a suboptimum concentration of anti-IgE. When
the release recorded in the presence of the steroid is plotted against the release recorded in
its absence, the data points of several experiments fit a regression line characterized hy two
parameters: its slope and its intercept with the ahscissa. Structure-activity examination with
selected GCSs indicates thai the orders ol potency for aiiecting these two parameters are
not identical, Furthermore, pulse experiments; suggest that the cells require different times
of contact with the steroid to express inhibition according to the two parameters. The
removal of adherent cells or platelets did not markedh affect the degree of leukocyte
histamine release or its inhibition by a given GCS. suggesting that the steroid interacts
directly with the basophil. Finallv, steroid-induced inhibition was not affected by the
putative phospholipase .^.j-inhibitor p-bromophenacylbromide (BPB) or the 5-lipoxvgenase
inhibitor nordihydroguaiareiic acid [NDG.Â ).
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CLINICAL ASPECTS
Glucocortkosteroids, notably budesonide. inhibit anti-tgE-induced hitstamine release from
human leukocytes provided tbe cells are cuttured overnight with tbe steroid before challenge.
Tbe degree of inbtbitioii depends on tbe strengtb of unmunologkal cballenge and tbe
glucocorticosteroid concentration.

Inhaled glucocorticosteroids (GCSs). such as patients sensitive to grass or ragweed pollen
budesonide, inhibit the immediate broncho- (32) but does not seem to reduce the respon-
constriction in asthmatic individuals after aller- siveness of basophils m vitro to immunologie
gen provocation, but this effect requires longer stimuli; it leads to reduced levels of blood
pretreatment periods than blockage of the tate basophils (14. 40), In vitro, GCSs inhibit im-
response {12, 15, 33). GCS treatment reduces munologically induced release of allergic medi-
the peak plasma level of histamine and the per ators from human basophilic leukocytes (41,
cent increase in serum neutrophil chemotactic 42) provided that the cells before challenge are
activity at allergen challenge of asthmatic incubated overnight with the steroid. The rela-
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tive inKibitory potency of a series of com-
pounds in this system correlates with the rela-
tive anti-inflammatory activity in vivo of the
compounds. Howe\er, incomplete inhibition is
recorded with most GCSs. Furthermore, con-
centration-response cun.es do not seem to be
uniformly parallel (42). Daeron et al. (11) de-
scribed similar results for mouse peritoneal
mast cells passively sensitized with monoclonal
IgE antibody specific for DN'P. Dexamethasone
interacted directly with mast cells by binding to
specific cytoplasmatic receptors.

In rats and guinea pigs treated in vii'o with
GCSs 18—24 h before test, inhibition of ana-
phylactic reactions is seen in vitro (antigen-
induced release of histamine from chopped
lung tissue or serosal mast cells) and also in viim
(antigen-induced bronchial anaphylaxis (1. 8.
31, 44). However, no inhibition of histamine
release from dispersed human lung tissue mast
cells was recorded with dexamethasone (43).
Similarly, inhibition of allergen-induced hist-
amine release from human chopped lung tissue
was not observed even after overnight pre-
incubation with 5-100 ng/ml betametbasone
sodium phosphate (18); however, a high con-
centration of the GCS led to a significant re-
duction of SRS-.'\ release. Thus, GCS can in-
hibit immunologically induced mediator release
from some, but not all, mediator-secreting cells.

Tbe mode of action of the GCSs has not been
defined. The general hypothesis is that GCSs
bind to cytoplasmatic receptors and induce
synthesis of protein(s) which then mediate the
effect. One such protein, lipomodulin/macro-
cortin, is proposed to inhibit triggering of the
arachidonic acid cascade by blocking phospho-
lipase AJ (for ref. see 5, 19). Other inhibitors of
phospholipase Â  activity, such as p-bromo-
phenacylbromide (BPB) and quinacrine (mepa-
crine), also inhibit histamine release from
human basophils (27, 29, 35) and from human
lung mast cells (Lichtenstein. II Int. Gongr.
Immunopharm. Washington, 1982). However,
lipomodulin is not effective in the mouse mast
cell (11).

In the present paper we utilized ami-lgE-
induced basophil histamine release to further
examine "anti-allergic" effects of GGSs.

EXPERIMENT.AL PROCEDURE

Preparation and culture of leukocytes

Blood was drawn from healthy volunteers into
sterile B-D Vacutainer tubes containing EDTA,
and the cells were allowed to sediment in a
mixture of sterile dextrane and glucose (30 mg
glucose/ml 5 9c dextran T-500 solution made up
in saline) according to previously described
principles (4. 37. 41). After 45-60 min, the
leukocyte-rich supernatant plasma was with-
drawn and the cells were centrifuged at 250 x g
for 10 min and washed twice in sterile RPMl
1640 (Flow lab.); occasionally only one washing
was performed, .\fter centrifugation. the
washed cells were resuspended in sterile pre-
warmed (37°C) RPMI 1640 (pH 7.3) containing
25 mM N-2-hydroxyethylpiperazine-N'-2-ethane
sulfonic acid (HEPES) (Sigma), 50 mg/1 genta-
mycin. 4 mM glutamine, and 1 g/1 human serum
albumin (Gontinental Pharma Ltd.. Canada).

In some experiments, pan of the leukocyte
suspension was cultured for 60-90 min at 37°C;
in plastic Petri dishes (N'unc. Denmark) to re-
move adherent cells. Non-adherent cells were
collected after gentle rotation of the dishes, and
were then resuspended in prewarmed (37°C)
RPMl 1640-HEPES. The cells (non-adherent
or the total leukocyte population) were distri-
buted between tubes. The actual concentration
of basophilic leukocytes in each tube was not
determined and therefore may have varied in
the various experiments. However, assuming a
basophil histamine content of approximately
1-2 [ig/10<* cells (.see 24, 39), each tube con-
tained a final amount of approximately 2-10 x
10'' basophils obtained from 1—2 ml of blood,
suspended in 0.9 ml of RPMI 1640 culture
medium containing the above-mentioned con-
stituents. 0.1 ml of an appropriate GCS dilu-
tion or vehicle was added as indicated below. In
some experiments, the cells were incubated at
37° C for 30 min with cortexolone or pyridoxin
(Sigma) at the indicated concentrations or with
the corresponding vehicles before addition of
GCS. The GCSs were dissolved at 10"- M in
ethanol and were then diluted 1000-foid in
culture medium RPMI 1640 containing the
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above-mentioned constituents. Further dilu-
tions were performed in 10-fold steps. Thus,
the final concentration of EtOH at culture was
0.109? or less; this concentration of EtOH was
found not to influence the histamine content of
the cells at culture, spontaneous release or net
histatnine release after culture (not shown).
After addition of GCS/vehicle, the cells were
cultured for the indicated time (10 min, 1 h. 4
h or overnight (20-24 h)) at i^C in an atmos-
phere of 5% CO, and air. .A.t kinetic studies,
the cells were spun down after incubation for
the indicated time and were washed twice in
culture RPMI medium {without HSA) to re-
move the GCS/vehicle. Eresh culture medium
without GCS or vehicle was added and the
cultures continued overnight. Then, again, the
cells were spun down, washed in HEPES-ACM
buffer (4) and resuspended in this buffer. Cells
cultured overnight with GCS/vehicle were nol
washed with RPMI 1640 before being washed
with HEPES-ACM after the end of culture.
Thtjs, GCSs were not present during the re-
lease phase (see below); according to Schleimer
et al. (41) GCS omission at this point does not
influence the extent of histamine release in-
hibition.

Histamine release

Histamine release experiments were performed
as described previously (4, 37). Challenge was
performed with anti-lgE, at the indicated final
dilution. The anti-lgE was prepared as pre-
viously described (37) and was kindly donated
by Dr. B. A. Petersson. There was no indication
that the degree of release induced by a given
concentration of anti-lgE varied with the total
histamine content of the cell sample; i.e., baso-
phil concentration (results not shown). .Agents
to be examined for inhibitory effect; i.e. p-
bromphenacylbromide (BPB) (9, 27, 29);
dimethyI-DL-2,3-distearoyloxypropyI-2-hydroxy-
ethylammonium acetate (DDPH) (9); nordihy-
droguaiaretic acid (NDGA) (27); quinacrine (9,
27, 29); or vehicle(s) if present, were added 20
min before anti-lgE. BPB (locally synthesized
and kindly provided by Dr. J. Trofast) was
dissolved at 5 x I0~^ M in acetone and this

solution was diluted to 10"'' M or 10"^ M in
HEPES-.'\CM before use. Control cells then re-
ceived a similar dilution of acetone in HEPES-
ACM. DDPH (Calbiochem) was dissolved in
EtOH at 10"' M concentration and further di-
luted in HEPES-ACM. Such dilutions of DDPH
in HEPES-ACM were not soluble at 2.5 x lO-i
M; they were thoroughly sonicated before addi-
tion to leukocyte suspensions. NDGA (Sigma)
was dissolved in dimethylsulphoxide at 0.3 M
and further diluted in HEPES-ACM. Control
cells received plain DMSO similarly diluted.
Quinacrine (Sigtna) was dissolved in HEPES-
ACM at 3 X 10̂ 3 M before further dilution.

The release reaction took place for 40 min.
All samples were run in duplicates. Histamine
secreted into the supernatant was assayed by
spectrophotofluorimetry (4, 17). The amount of
histamine released into the supernatant was ex-
pressed as per cent of total cellular histamine
content af correction for spontaneous release.
The total histamine content was determined
after lysis of cells with perchloric acid (17). With
quinacrine, interference with histamine de-
terminations was encountered (see also 29).
Therefore, the histamine in samples containing
quinacrine and in corresponding controls was
determined as the difference between hist-
amine extracted from the pellets of cells in-
cubated with vehicle and those incubated with
anti-lgE. Histamine was extracted from cell
pellets by adding HEPES-ACM (1.22 ml) and
perchloric acid (56 (il of 35 % perchoric acid).

GCSs were dissolved and diluted in glass
tubes, otherwise laboratory plasdcs were util-
ized throughout; preliminar\^ experiments in-
dicated that no difference in GCS-effect could
be recorded between experiments performed
in glass ware and plastics.

Sources of steroids; Betamethasone 17a-
valerate and beclomethasone 17a,21-dipropio-
nate (BDP) ((LARK S.p.A. Milan), budesonide
(Draco (46)); this compound is an approximate
1; 1 mixture of two epimers with slightly differ-
ing biological activity), cortexolone (EGA
Chemie), deoxycorticosterone, dexamethasone.
and hydrocortisone (Sigma). Fluocortin butyl-
ester (FCB) was kindly donated by Schering
AG.
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RESULTS

General characteristics of ihe experimental system

The present experiments were ail performed
with leukocytes incubated at 37°C overnight.
Practically no information is available regard-
ing the responsiveness of leukocytes to antigen/
anti-lgE, or responsiveness to inhibitors after
such a culture in comparison with the respon-
siveness of fresh cells. Radermecker (38) pre-
viously showed that heparinized blood can be
stored at 4°C for 1 or 2 days without the
basophils losing responsiveness to allergen. We
have ourselves had similar experience (un-
published). Ida et al. (20, 21) and Schleimer et
al. (41, 42) cultured leukocytes in RPMI-
medium supplemented with fresh autologous
serum for 24 to 48 h without any stated pro-
blem; purified human basophils do not tolerate
overnight culture very well (42).

We found 0.1"? human serum albumin to be
at least as good a medium supplement as auto-
logous serum, if not better. We found no con-
sistent difference in histamine content, spon-
taneous release, or degree of anti-IgE-induced
release, when cells examined immediately after
preparation and after culture overnight at 37° C
were directly compared. Furthermore, cells
from most individuals providing blood for the
present experiments were previously examined
in conventional "acute" tests at more than three
occasions. Concentration-response curves for
anti-IgE-induced release varied only marginally

from test to test (4). Cells from these individuals
were found to display only a slightly lower
degree of release after overnight incubation at
37°C than that previously recorded in direct
tests. Thus, when for each individual the mean
of the release recorded at anti-lgE 1:10000
from overnight cultured cells was plotted
against the mean of release in experiments with
fresh cells, variates could be fitted to a regres-
sion line through the origo and with a slope of
0.8.

Effect of an overnight incubation with budesonide
10'' M on basophil histamine release induced
by different anti-lgE concentrations

We first examined the effect of overnight in-
cubation of cells with the newly developed GCS
budesonide (U)''' M) or vehicle on histamine
release induced by increasing concentrations ol
anti-lgE. The results from two experiments are
shown in Fig. 1. The inhibitory effect of this
GCS is apparently more pronounced on hist-
amine release indicated by a low anti-lgE con-
centration than at a high one, irrespective of the
actual degree of release obtained.

Fig. 2 gives the results from experiments with
cells from six individuals as a plot of degree of
release from cells cultured in the presence
versus absence of inhibitor (again budesonide
10 " VI). Regression lines have been fitted to the
data pairs at each concentration of anti-lgE by
the least squares method. The degree of inhibi-
tion recorded at this specified concentration of
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Fig. 1. Plot of nee histamine release from celU cultured at 37°C overnight in the presence of budesonide at 10 " M (•) or
vehicle (O) versus concentration of anti-lgE at challenge. Data for cells from two individuals.
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budesonide is not constant, but seems to
depend more on the concentration of the
secretagogue used than on the degree of
release recorded in its absence.

Goncentration-response relation for inhibitory
effect of budesonide

Fig. 3 shows the results recorded at challenge
with anti-IgE (1:10,000) of cells incubated over-

night with 10"^ 10-^ 10"", lQ-" M budesonide
or vehicle. The slope of the regression line,
fitted to the data recorded with budesonide at
10~^ M, does not differ from unity, but it does
not intercept the abscissa in the origo. The
slope of the regression line, fitted to the data
for budesonide 10 " M, clearly differs from
unity, again its intercept with the abscissa dif-
fers from the origo.
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Table 1

Effects on htsiamine release recorded with bedomethasone 17a,2]-dipropionate (BDPi, beiameibasone 17a-valerate, bude-
sonide, dexamethasone, deoxycorticosterone, fluocortin bmylesier (FCB) or hvdrocortisone after culture at 37° C overnight.
The table gives the slopes of regression lines fitting data pairs; their intercepts with the abscissa, correlation coefficients (r); and

number of experiments (n)

Compsound Cone. Slope Intercept

(V = (I)

'7( inhibition
Me;in ± SEM

BDP

Betamethasone 17a-valerate

Budesonide

Dexamethasone

Deox vco rtjcoste ron e

FCB

Hydroconisone

10-9
10-8
10-7
10-6

10-9
10-e
10-7
10-6

10-10
10-9
10-8
10-7
W - 6

lo-s
10-8
10-7
10-6

10-7
10-6

10-8
10-7
io-«

10-9
10-8
10-7
10-6

1.04
0.79
0.48
0.51

0.78
0.71
0.47
0.67

0.95
0.88
0.66
0.65
0.53

0.89
0.73
0.50
0.50

0.93
0.91

0.85
0.69
0.66

0.91
1.08
0.97
0.78

7.7
8.3

-4,1
-0,6

1,3
9,9

-2.8
17

8.3

11.1
9 7

!l,9
19,1

2.0

5.4

2.1
10.2

-1.4
-!.O

-7.2
1,4
3,0

-10,4
6.8

13.2
11.5

0.99
(1.84

0.72

(1,81

0,97

0,88
0.8]
0.67

0.90
0.78
0,83
0,83
0,68

0,87
0,83
0.87
0.80

0.99
0.99

0.98
0,84
0,84

0,88
0.85
0.8.T

0.70

9

9

6

9
10

11

8

6

16

14

34
8

8

15

22
9

7

I

4

6

6

8

12
17

18

19.4 + 3.3
39.6 ±7,2
46.8 ±6,0
49.5 ±5,9

24.4 ±5.0
46.3 ± 7.6
49,3 + 7,0
55,9 ± 10,6

2 1.5 ±7,5
3.1.9 ±7,4
50.6 ±4,9
53,6 ±3,4
67.5 ±6.K

lfi.0±B.4
.17,3 ±6.1
5.1,9 ± 3.1
60,4 ±5.8

3.4 ±2,0
6.6 ±2,9

0.8 ± 3,K
34.0± 10.6
41.(1 ±9,5

- IO.8±7.4
8,7±8,1

32,9 ±6.4
40,4 ±5.5

Percent inhibition calculated as: (1 - degree of release in the presence of drug divided by degree of release in its absence)
X 100.

Effects of Other GCSs

Employing the same challenge concentration of
anti-IgE (1.10,000), we then examined the ef-
fect of incubating cells with bedomethasone
17a,21-dipropionate, betamethasone 17a-valer-
ate, dexamethasone, fluocortin butylester or
hydrocortisone. The appropriate calculated
figures for slopes and intercepts of regression
lines fitting the data pairs of the examined

compounds are summarized in Table 1. For
dexamethasone, regression lines for data pairs
representing the effects at 10"' to 10 ' M,
despite displaying decreased regression coef-
ficients with increasing concentration, all seem
to go though the origo. A similar situation is
encountered with FCB. For hydrocortisone 10-'*
and especially 10"' M, on the other hand, the
regression lines display intercepts differing
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Fig, 5. A, Plot of histamine release recorded at challenge with
anti-lgE (1:10,000) of cells cultured at 37°C for 60-90 min
with budesonide at 10-9 M or 10" ' M. Following pulse with
drtjg/vehicle, cells were washed and cultures were continued
overnight before challenge.

B. Regression lines calculated for data pairs recorded for
anti-IgE-induced basophil histamine release with cells pulsed
with 10~7 or 10~9 M budesonide or vehicle for the indicated
lime period followed by culture overnight in plain medium.

from the origo, apparently without changing
their slopes from unity.

Fig. 4 shows replots against concentration of
slopes and log of intercepts for the regression
lines for four of the examined steroids. The
potency ratio of the GCS with respect to the
two parameters is not identical.

For comparison. Table 1 also gives the values
obtained for degree of inhibition calculated ac-
cording to conventional methods (where per
cent inhibition is calculated as (1-net release in
the presence of drug divided by net release in
its absence) X 100) for each concentration of
the GCS examined. Concentration-response
curves constructed with these figures will not be
parallel (e.g.. betamethasone 17a-valerate vs
dexamethasone) and therefore cannot be used
for strict comparison of potencies.

Deoxycorticosterone, a mineral corticoid, did
not affect histamine release even when the cells
were cultured overnight with this drug at a
concentration of lO^'' M (Table 1).

IncubcUion time with GCS required for effect

Schleimer et al. (41) and Daeron et al. (11)
showed that the inhibition of release following
incubation of leukocytes/mast cells with GCS for
4—8 h was lower than the inhibition observed

m
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after incubation of cells with drug overnight.
However, these data do not tell us how long
time the drug (if added at the initiation of
culture) has to be present to express its effect.
Very short exposure times (down to no more
than 5 min) were required for demonstration of
some GCS-induced effects in other systems (see
7, 10, 13, 22). Therefore, leukocytes were in-
cubated with 10"' M or 10"* M budesonide, or
the corresponding vehicle, for 10, 60—90, or 240
min at 37°C, After incubation, the cells were
spun down and washed twice in culture
medium. Fresh culture medium was added, the
cells were resuspended and cultured overnight
without any further GCS addition. .A.fter cul-
ture, cells were collected by centrifugation, re-
suspended in HEPES-ACM and challenged with
anti-lgE. The degree of release was determined
for each aliquot of cells; it was compared to that
of an aliquot of cells cultured for the full time
(overnight) in the presence of GCS or vehicle.
Fig. 5 gives the individual results for cells pulsed
with budesonide for 1 to 1 V2 h (Frame A), and
the regression lines calculated from data for the
1 to 1 W h and the 4 h pulses compared to 24 h
exposures for the corresponding cells (Frame
B). Incubation with the steroid at 10"' M for 1
to I '/2 h apparently induces a certain degree of
inhibition of release. The slope of the re-
gression line is similar to that registered with
cells cultured with the drug overnight; how-
ever, the intercept of the regression line with
the abscissa does not seem to differ from the
origo for cells incubated 1 to 1 Vt h with 10' ' M
budesonide. Cells incubated with budesonide
10"" M for 10 min or for 4 h behaved as those
incubated with the steroid for 1 h (not shown).
Incubation of cells with 10"^ M budesonide for
various time periods led to different results.
Cells pulsed for 1 to I '/4 h showed a stimulation
of release (Fig. 5A). Cells pulsed with 10"^ M
budesonide for only 10 min also often showed
a stimulation of release (not shown), whereas
cells exposed for 4 h to the GCS displayed
neither an enhanced nor a suppressed release.

Pulsing was also performed for 1 h with
dexamethasone 10"' M or hydrocortisone 10"''
M and the effects obtained were compared to
those recorded after overnight culture in the

presence of the drtig(s). No inhibition was ob-
served in cultures pulsed with either drug for 1
h, despite good effects after overnight ex-
posure to the drugs in parallel cultures (results
not shown).

Effect of cortexolone or pyridoxine on the inhibitory
effect of budesonide, dexamethasone or hydrocortisone

Cortexolone displays anti-glucocorticoid ac-
tivity in vitro. By increasing imracellular pyri-
doxal phosphate levels, pyridoxin is reported to
modulate cellular glucocorticoid-induced re-
sponses depending on nuclear function, but
apparently not responses that do not seem to
involve an interaction between the activated
hormone-receptor complex and chromatin (see
22).

Leukocytes were incubated with cortexolone
(lO"*" M) or vehicle for 30 min before addition
of budesonide (final concentration 10" Mj,
dexamethasone (10"** M), hydrocortisone (10""
M) or vehicle. The cells were then cultured
overnight before challenge. Treatment with
cortexolone did not in itself affect release. The
inhibitory effect of budesonide on release was
not markedly affected by the presence of cor-
texolone. For dexamethasone and hydrocorti-

HYDfiOCORTISONE

10 30 30 40 50 60 70
f£T mSTAMlhE RELEASE «, of total
omtmtllN ABSENCE OF DRUO

Fig. 6. Effect of cortexolone (10"^ M) added 30 min before
hydrocortisone on inhibition of bawjphil histamtne release by
hj'drocotlisone (10" ' M) after overnight culture. Filled sym-
bols represent experiments in the presence of cortexolone
(regression line: y = -6.1 + I.O x; r = 0.96 (6)), open
symbols represent experiments in the absence of cortexolone
(y = - 15.0 -f 1.14 x , r = 0.99(6)).
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Fig. 7. Anti-CgE-induced histamine release from leukocytes cuttured overnight at 37°C tog^ether with budesonide IO~~ St (fiUed
svmbols) or vehicle (open symbols)

A. Release experiments were performed with each of the two aliquots of cells in the presence of BPB {I. 3 or 10 |J.M) or
vehicleRpg. Histamine release in the absence of budesonide was 66 7c\ in the presence of budesonide 10 "^ M, 34"^. Data given
arc means, of two experiments.

B. Release experiments were performed wiih each of the two cell aliquots in the presence of DDPH or vehicle. Data given are
means of two experiments.

sone. cortexolone seems partly to block in-
hibition. Data recorded with hydrocortisone are
shown in Fig. 6.

Leukocytes were also incubated for 30 min at
37°C with 5 mM pyrixodine or vehicle before
addition of bude.sonide (final concentration
10 ' M), dexamethasone (10 ' M). hydrocorti-
.sone (10^'' .M) or vehicle. The cells were cul-
tured overnight before challenge. The results
of .six experiments with each GCS (not .shown)
do not indicate that pyridoxine should affect
the inhibitory effect(.'i) of the GCSs.

Ejfect on responsiveness to anti-IgE and

to GCS of removal of adherent cells

Factors derived from monocytes (or from
lymphocytes in monocyte-dependent reactions)
influence basophil histamine release. Such fac-
tors could either enhance IgE-mediated release
(2, 20. 21) or induce release independently of
IgE-mechanisms (45, 47. 48). Mahmood et al.
also recorded a monocyte-dependent suppres-
sion of basophil histamine release (28). Mono-
cyte-derived factors, e.g., IL-1, can also hlock

the inhibitory effect of GCSs on lymphoid cells
(notably helper but not suppressor cells) (6, 34).
The possibility exists, that a similar modulation
by monocyte product(s) of GCS-mediated in-
hibition of basophil histamine release might
exist.

For that reason experiments were performed
where half the leukocyte suspension was cul-
tured at 37°C for 1 h in plastic Petri dishes to
remove the majority of adherent cells before
culture overnight of nonadberent cells with
GCS or vehicle. The other half of tbe cell sus-
pension was cultured with GCS vehicle directly.
Occasionally, anti-lgE-induced basophil hist-
amine release was markedly enhanced in non-
adherent cell populations as compared to total
leukocyte populations after overnight culture,
but this was in no way a consistent obsertation.
There was no clear indication tbat the inhibit-
ory efficiency of budesonide (I0~' M), dexa-
methasone (10 ' M). or hydrocortisone (10"^
M) varied between nonadherent or total leuko-
cyte fwpulations (results not shown).

We examined whether GCS could induce
release from leukocytes of principle{s) similar
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to those exhibiting anti-inflammatory activity
(lipomodulin?), which are released in the peri-
toneal cavity of the rat 1 h after GCS admini-
stration (5). Leukocytes were cultured for 1 h,
or overnight, in the presence of GCS or ve-
hicle. The supernatants were harvested and
examined for effects on anti-lgE-induced hist-
amine release from fresh leukocytes. Confirm-
ing previous work (45, 47), medium from leu-
kocyte cultures was found to enhance histamine
release induced by anti-IgE; even medium
harvested after 1 h was occasionally effective.
However, the presence of dexamethasone 10"'
.Vi during the culture did not affect the enhanc-
ing effect of the medium, whether it was harv-
ested 1 b or 24 h after culture inititation.

.\ recent report by Maclouf et al. (26) showed
that leukocyte 5-lipoKygenase activity is stitnul-
ated by products of the 12-lipoxygenase of
platelets. Furthermore, Knauer et al. (23) ob-
sen'ed an enhancement of IgE-mediated hist-
amine release in the presence of platelets. We
examined therefore, in preliminary experi-
ments, the effect on responsiveness to anti-IgE
and to GCS of removing the majority of plate-
lets by repeated centrifugation of leukocytes at
140 X ĝ  and culturing overnight the platelet-
depleted leukocytes with GCS or vehicle. The
responses of these platelet-depleted leukocyte
suspensions were compared to those of leuko-
cyte suspensions restituted with autologous
platelets. Basophil histamine release and in-
hibitory effects of budesonide 10"" M did not
differ between leukocyte cultures poor or rich
in platelets.

Interaction of GCS wiih inhibitors of
arachidonic acid metabolism

Our inability to obtain "complete" inhibition
with any of tbe GCSs examined, their proposed
mode of action as (indirect) phospholipase Â
inhibitors, and the reported efficiency at baso-
phil histamine release of other known phospho-
lipase A2 inhibitors (27, 29, 35) prompted a
study of the interaction of a GCS (budesonide),
putative pbospholipase Â  inhibitors (BPB,
DDPH, quinacrine), and the lipoxygenase in-
hibitor NDGA. Leukocytes were cultured over-

night in the presence of budesonide 10 ' M or
vehicle, washed, and then challenged with anti-
IgE in the presence of increasing concentrations
of BPB, DDPH, quinacrine, or NDGA. The
acute inhibitory effects of BPB, quitiacrine or
NDG.A did not differ in leukocytes cultured
with budesonide or witb vehicle. This is exem-
plified in Eig. 7A where the results for BPB are
shown. DDPH at lO""* M was found to enhance
slightly histamine relea.se for cells cultured with
budesonide but to block slightly release in cells
cultured with vehicle (Fig. 7B).

DISCUSSION

The present work examines in some detail the
effect on human leukocyte responsiveness to
anti-IgE when the cells have been precultured
with GCS. Our results support tbe conclusions
earlier drawn by Schleimer et al. (41. 42) and by
Daeron et al. (11) (with mouse mast cells) that a
substantial degree of inhibition of histamine re-
lease can be registered provided culture of cells
with the glucocorticoid is performed for more
than a few hours. However, the salient result of
the present work is that GCSs inhibit anti-lgE-
induced basophil histamine release seemingly by
at least a dual mechanism of action. This opin-
ion is based on the following fmdings:

1) A regression line fitted to data pairs repre-
senting release induced by anti-IgE with cells
cultured for 24 h in tbe presence of 10"" M
budesonide or vehicle crossed the abscissa out-
side the origo but its slope did not differ from
the unity (Fig. 3A). When examining the effect
of 10"*-10"^ M budesonide, similar intercepts
of the regression lines with the abscissa were
recorded as for 10 ' M budesonide, but now
the slopes registered for the regression lines
seemed to decrease concentration-dependently
(Fig. 3A). These data conform to the general
characteristics of inhibition of release described
previously in this and other systems (4. II, 16,
37, 42, 49, 50). They caution against an un-
critical use of the parameter "per cent inhi-
bition" to characterize the effect of a drug; the
effects on intercept and slope of the regression
line should rather be dealt with separately.
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2) Concentration-response curves recorded
for sotne other GCSs revealed drugs with seem-
ingly opposing effects; dexametbasone (and
also fluocortin butylester) decreased concen-
tration-dependently the slope of the regression
line without markedly affecting its intercept
witb the abscissa, whereas hydrocortisone af-
iected dose-dependently the intercept of the
regression line, apparently without primarily
affecting its slope (Fig. 4 and Table 1). Contrary
to our results. Daeron et al. (11) clearly
showed in the mouse mast cell system that the
degree of inhibition exerted by dexamethasone
at ] 0"'' M varied with the actual percentage of
hi.stamine release in control tubes.

3) Pulse experiments suggest that the slope
and tbe intercept of the regression line are
influenced differentially. Thus, cells incubated
witb 10 ' M budesonide for 4 h or less, and
then cultured in its absence overnight, were
partlv inhibited in their ability to release bist-
amine at challenge with anti-IgE. Tbere was no
indication that the regression line for these
data should not pass through tbe origo, its
slope corresponded to that recorded with cells
cultured with GCS overnight. Leukocytes cul-
tured with 10^^ M bude.sonide displayed three
forms of response. When the cells bad been
cultured with 10"-' M bude.sonide for 1 h,
washed and then cultured overnight, the stim-
ulation of histamine release was registered. A
4-h pulse witb budesonide under similar condi-
tions did not affect leukocyte responsiveness.
However, overnight culture of cells with 10"^ M
budesonide led to a change in tbe intercept with
the abscissa of tbe regression line but not to a
change in its slope, .•̂ t the moment, it cannot be
clearly settled wbether the effects recorded at
pulsing with budesonide are due to tbe short
exposure of tbe cells to the indicated concen-
tration of the steroid, or to a prolonged ex-
posure to a lower concentration remaining after
the washing procedure. Rough calculations
show that the budesonide concentration in the
medium surrounding the cells, initially ex-
posed to 10"' M, after the washing procedure
probably would equal 10~" M. Separate experi-
ments with ('H)-labelled budesonide indicated
that some steroid could be released from the

cells or the culture tubes during the overnight
culture. However, with reference to Fig. 3A and
5B, a 1-h pulse exposure to budesonide 10"' M,
followed by culture overnight in its "absence",
apparently leads to a qualitatively different kind
of inhibition (no change of slope) than over-
night culture does at either 10"' or 10"^ M
bude.sonide (changed slope), which argues
against trivial explanations for the effects.

The reason for doing these experiments is
that some recent reports suggest that certain
GCS-induced responses on the cellular level
might be independent of a nuclear association
of the steroid-receptor complex (7, 13, 22).
These responses, in contrast to those requiring
interaction between activated hormone-receptor
complex and chromatin, do not seem to be
influenced by increased intracellular levels of
pyridoxal phosphate or by the GCS receptor
antagonist cortexolone. Furthermore, bio-
chemical studies on nuclear GCS-receptor inter-
actions revealed beterogeneity. among other
things, in the kinetics of association and dis-
sociation and in structure-activity relation (7).
Tbere are also recent reports that in the neural
retina of chick embryo GCS-free cytosol con-
tains two GCS-receptors with possibly two dif-
ferent functions (3). Therefore, we also examin-
ed the influence exerted by cortexolone and
and pyridoxin on GCS-agonist activity. There
was no clear indication that pyridoxin treat-
ment affected the inhibition induced by bude-
sonide, dexamethasone, or hydrocortisone. On
the other hand, cortexolone seems to partially
counteract the blockage of release induced by
certain glucocorticosterods. Evidently, cortexo-
lone affects more easily the intercept of the
regression line with the ordinate than its slope.

Taken together, these data suggest that the
capacity of budesonide to change the slope of
the regression line is a process which does not
require prolonged presence of the GCS;
whether it requires nuclear association of activ-
ated GCS receptor complexes and induction of
protein synthesis is not yet known. In this con-
text, the failure of a 1-h pulse with iO^' M
dexamethasone to affect release is hard to ex-
plain since dexamethasone affects the slope of
the regression line but not its intercept. On the



228 H. BERGSTRA.ND ET .-iL.

Other hand, the capacity of a steroid to change
the intercept of the regression line from the
origo seems to require a prolonged exposure
time and it may be partially blocked by cortex-
olone. Thus, this process might be suggested to
depend on nuclear association of activated ste-
roid-receptor complexes.

What could be the biological basis for a drug
affecting basophil histamine release in two
principally different ways, i.e., in the present
context, to change independently the slope and
the intercept of the regression line? Previous
experience of P-agonist inhibition of histamine
release from chopped guinea pig lung tissue
(50) clearly has a bearing on this issue. These
experiments showed that the inhibition of re-
lease by P-agoni.sts is due to two independent
mechanism.s: one is a shift to the right of the
dose-respon.se curve for the allergen and the
other a reduction of the maximum obtainable
histamine relea.se. It is not clear in what way the
latter parameter is a function of mast cell rea-
ginic antibody density and/or the function of a
parameter which for ba.sophils has been de-
fined as releasability. In the guinea pig lung
system, two different ^-receptor populations
were postulated to mediate the two effects. It is
conceivable that, analogously, GCS might influ-
ence differentially two independent mechanisms
for histamine relea.se inhibition in the leukocyte
system. A shift to the right in the dose-response
curve for the stimulus would then correspond
to a shift in tbe intercept of the regression line
with the abscissa, a reduction of maximal hist-
amine release would correspond to a reduction
of the slope of the regression line. Possibly, one
of these drug effects may be indirect; i.e., the
drug may interact with a cell which in some way
modulates the release of histamine from the
mast cell in the guinea pig lung tissue or the
hasophil in the leukocyte suspension. However,
from the data of the present experiments, there
is no indication that the GCSs should exert part
of their inhibitory effect indirectly by inter-
ference with mononuclear cells or platelets. Our
failure to differentiate ba.sophil histamine re-
Iea.se in leukocyte preparations poor or rich in
platelets is consistent with the data of Peters et
al. (36) who found that 5-HPETE and 5-HETE,

but not the platelet product 12-HPETE, en-
hanced antigen-induced basophil histamine re-
lea.se. Witb anti-IgE a.s a stimulus not even 5-
HPETE was consistently enhancing histamme
release (36).

Finally, there is no indication that GCS pre-
treatment influences responsiveness of leuko-
cytes to other putative phospholipase .\,r
inhibitors. Thus, these experiments cannot pro-
vide suggestive evidence for an indirect (iipo-
modulin-mediated) general phospholipase .\.,
inhibition as a mechanism of action of the glti-
cocorticoids. .\gain, these data agree with the
interpretations of other workers (31, 42) but
mucb more experimental data are needed to
settle this point.

In conclusion, GCSs. notably budesonide, in-
hibit immunologically induced buman basophil
histamine release m xitro. Our results suggest
that the effects of the GCSs may be due to at
least a dual mode of action. .'\nti-IgE-induced
release of histamine from basophils has long
been regarded as equivalent to allergen-induced
release. However, differences hetween these two
secretagogues were recently recorded with re-
spect to the shape of dose-response curves, the
kinetics or release enhancement exerted by
lipoxygenase products (30, 36). The fact that
allergen is predominantly a multimeric and anti-
IgE only a dimeric stimulus may explain these
differences (cf. 25). This should be kept in mind
when attempting to apply the pre.sent findings
to the clinical situation.
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