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Regulation of histamine release from human
basophil leucocytes: role of H^, H^ and H3 receptors
A. TEDI:.SC:III, M . L O R I N I , M . ARQUATI & A. MiAtx:)NNA

D e p a r t m e n t o f M e d i c i n e . I n l e e t i o u s D i s e a s e s a n d I m t n u n e j p a t l t e i l e i g y , U n i v e t s i t y e i t M i l a t i . O s p e d a l e P e i l i c l i n i e ei. M i l a t t , I t a l y

A novel c:lass of histatttitle teccptot.s (H,), cottttolling Itistamine .sytlthe.sis and telea.se, was
described in rat and human brain and peripheral nerve ending.s. The present study was
undertaken to evaluate whether H, receptors contribute to the tegulation ol" histamine
release from human baseijihils. Basophil leueocyles were incubated with a H., antagotlist
(ihieipetamide; concentratie)tt.s ranging from I nM to 10 nM) or with a H., agonist
((R)atnethyl-histamine; c:oneentrations ranging from 1 to 100 nM), and subsequently
were .stimulated wilh optitnaJ doses of atiti-Igl'". and formyl-metliionyl-leucyl-phenyt-
alanine (f-tnet peptide). No signilicant modificatiotis of histatnine release were observc:d
after iticubation either with tite H.; agonist or with the Hj atitagonist. By contrast, a H.̂
antagonist (eimetidine; concentrations ranging ftotii 1 to 100 jtM) exetted a dose-
dependent enhancing effeet on anti-IgE- and, to a le.s.ser extent, on f-met peptide-indueed
histamine release. A H, antihistamine (chlorphettiramitte: concentraliotis rangitig Ireitti
100 nM to I nM), at ihe highest eoncenttalion empleiyed. displayeet .ni inhiliilory a(li\ ity
on IgF.-dependent and IgE-independent liislamine lelease. l',.\eigene)eis histamine' w.is
sheiwn lo e:xert a dose-de]iendent inhibitory elleel on two-stageel anii-Igl'.-induccd hisUi-
mine telea.se. Taken as a whole, these results suggest that H., recepteirs are not involved
in the regulation of histatnine release frotii hutiian basophils; by contrast, H^ receptors
participate in eontrollittg hislattiinc: release f"re)tit ittnnati basophils. as pre\'iottsly dettieitt-
strated by either atttheits.
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Antigen-indueed histamine release from human
basophils was shown to be redueed by extraeellu-
lar histamine. It has been postulated that released
histamine acts as a feed-back inhibitor of hista-
mine release, and that this control meehanism is
mediated by H,̂  reeeptors (3, 12, 13, 19). H.̂
antagonists, as eimetidine and burimamide, ean
in faet enhance histamine release from stimulated
basophils by preventing the inhibitory effeet of
extraeellular hislamine; moreover, the specific H,̂
agonist, dimaprit, mimics the blocking effect of
extracellular histamine on histamine release (14,
19). Recently, Arranget al. (1, 2) and Ishikawaet
al. (6) demonstrated the presence of a novel class
of histamine receptors in the brain and in periph-
eral nerve terminals, both in rats and in humans.

'These receptors, which were named H,,, were
shown to be involved in the feed-baek control of
histamine synthesis and release from histamin-
ergic nerve endings.

'The aim of llie |:)resent study was to investi-
gate whether H., reeeptors are involved in the
regulation of hislamine release lrom human ba-
sophil leneocytes.

MATERIAL AND METHODS

Preparation of leucoeyte suspensions

Basophil leueocytcs were obtained from periph-
eral blood drawn from 30 healthy subjeets (mean
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age 28 years). Leucocytes were separated by dex-
tran sedimentation, according to the method of
Lichtenstein et al. (8). The blood samples, antico-
agulated with 0.01 M EDTA, were mixed with
6 % dextran in saline solution Macrodex, Baxter,
Trieste, Italy) and allowed to sediment for 60-90
min; the leucocyte-rieh plasma was aspirated,
centrifuged and the cell button was washed twice
in Tyrode's buffer (pH 7.4) containing 135 mM
NaGl, 5.5 mM dextrose, 2.7 mM KGl, 0.36 mM
NaH^PO,, and 12 mM NaHGO.,. The cells were
then suspended in Tyrode's buffer also contain-
ing 1.8 mM GaGl. and 0.5 mM MgGl.̂ . Basophil
leucocytes were stained with Alcian blue (5) and
counted in duplicate in a Fuchs-Rosenthal cham-
ber; a concentration of 4 x lO' basophils/ml was
obtained adjusting the volume of Tyrode's
buffer.

Hislaniine release from basophil leucocytes

Basophil leucocyte stimulation was carried out
in 12 X 75 mm polyethylene tubes. Briefly,
2 X 10' basophils, suspended in 0.5 ml Ty-
rode's buffer with Ga'̂ * and Mg^\ were add-
ed to the tubes containing 0.5 ml anti-IgE
(final dilution 5 x 10"') or lbrmyl-methionyl-
leucyl-phenylalanine (f-met peptide; final con-
centration 10 |.tM). Both agents were pur-
chased from Sigma Ghemieal (St. Louis, Mo,
USA). After incubation for 30 min at 37°G,
the leucocyte suspensions were centriluged at
2,000 g for 30 min at 4°G and the supernatant
precipitated with an equal volume of 4 %
HGIO,,. After another centrifugation step at
2,000 q for 15 min at 4°G, the supernatant
was collected and utilized for histamine analy-
sis. Histamine concentration was measured by
a Quorometric method, according to the tech-
nique of Siraganian (15). Spontaneous hista-
mine release was evaluated by incubating the
cells (0.5 ml cell suspension diluted with 0.5
ml Tyrode's buffer with Ga"* and Mg' ') for
30 min at 37°G in the absence of any stimu-
lus; total histamine content was obtained add-
ing 0.5 ml 4% HGIO ,̂ to 0.5 ml eell su.spen-
sion. The pereentage of histamine release was
calculated as follows:

% release =
t - s

100

where e represents the fiuorometrie reading for
experimental supernatant, s the mean value of
spontaneous histamine release, and t the total
histamine content. Every sample was analysed
in duplicate and the mean value considered.

Efject of extracellular histarnine on anti-IgE-mduced

histamine release from human basophils

Histamine release from human basophils can be
divided in two stages, as demonstrated by Eicli-
tenstein (10). The first stage ("aetivation") is
antigen dependent and Gâ * independent,
whereas the second stage ("release") is Ga
dependent. The first was shown to be affected
by agents influencing cyclic AMP levels, where-
as the seeond stage was modified by deuterium
oxide (affecting the microtubulc system) and
metabolic inhibitors (11). Leueocyte stimulation
was earried out in two stages, and effects of
extracellular histamine on the first stage of anti-
IgE-induccd histamine release were evaluated
(exoffenous histamine was shown to increase the
cyclic AMP level of human leucocytes).

Leucocytes were divided in aliquots and sus-
pended in Tyrode's buffer without Ga'*, contain-
ing different histamine concentrations (0, 0.01,
0.1, 1 and 5 |a.M). After incubation for 10 min at
37°G in the presence of histamine and optimal
concentrations of anti-IgE, the cells were washed
twice in Ga"*-free Tyrode's buffer, and incubat-
ed for 30 min at 37°G in Ga~*-containing Ty-
rode's buffer. Histamine release in the cell super-
natants was then evaluated as described.

Study of the effects of histamine receptor antagonists and

(R)aniethyl-histamine on histamine release from stimu-

lated basophil leucocytes

Leueocyte suspensions were incubated for 10
min at 37°G with a H, antagonist (chlorpheni-
ramine, concentration range 100 nM - 10 j.tM),
a H., antagonist (cimctidinc, concentration
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range 1 - 100 ̂ M) and a IT., antagonist (thiop-
eramide, concentration range 1 nM - 10 (xM).
Ghlorpheniramine was putchased from Scher-
ing Gorp. (Kenilworth, NJ, USA) and cimeti-
dine from Smith Kline & French, Philadelphia,
PA, USA); thioperatnide was a generous gift of
Dr. J.M. Arrang (Unite de Neurobiologie,
Gentre Paul Broca de l'lNSERM, Paris,
Franee). At the concentrations used in the ex-
periments, none ol the antihistamines interfered
with the lluorometric histamine determination
or induced a direct histamine release. After
incubation for 10 min at 37°G with the anti-
histamine, the eells were exposed to the activa-
ting agents as described.

The effect of the H., selective agonist (R)
amethyl-histamine (kindly provided by Dr. J. Ar-
rang) was also investigated. The cells were in-
cubated 1(11- 1(1 min at .'57°C with (R)aiiictliyl-
histamine, at concentrations ranging from 1 to 100
nM (concentrations which were proven to inhibit
histamine release from histatnincigic nerve end-
ings). The leucocytes were subsequently stimu-
lated with anti-IgE and f-met peptide. The fluori-
mctric reading for (R)anR'thyl-histamine was
subtiactctl IVoiii each sample under examination.

Statistical analysis

Results were expressed as mean±SEM. The
effects of antihistamines, histamine and (R)a-
mcthyl-histaminc on histamine release were ana-

lysed by two-tailed Student's test for ]5aire(l data
(data in the absence and in the presence of liista-
nilnc antagonists and agonists wore compared). /-"
values < 0.05 were regarded as significant.

RESULTS

Basophils of six blood samples were used for all
experiments with histamitie agonists and antag-
onists. In some cases the luimber ol basophils
obtained from the blood samples was not sufft-
cient to evaluate the eflects of all drugs. There-
fore, basophils from different subjects were used
for different drugs and basophils from some
subjects were used on different occasions. A
noti-signiftcant difference in mean basal value of
histamine release was found among the dillerent
sample gioujxs examined. When baso|)liils of
one subject were used on different occasions,
basal values of histamine release were highly
reproducible and variability did not exeeed 5 %
of the observed value.

Thioperamide, in the studied concentration
range, did not significantly modify the anti-IgE-
and f-met peptide-indueed histamine release.
Mean percent anti-IgE-induced histamine re-
le;tse was 27.3±3.0 without any drug,
27.4±2.8 in the presenee of 1 nM thiopera-
mide, and 27.4±3.2 with 10 jiM thioperamide.
Mean percent l-inet peptide-indueed histamine
release was 3().9±5.7 without any drug,
27.9 + 4.9 with 1 nM thiojjeramide, and
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29.8 + 4.6 with 10 ^M thioperamicle (Eig. 1). A
significant enhaneemcnt of anti-IgE-induced
histamine release was observed when the cells
were ineubated with eimetidine. Mean pereent
anti-IgE-indueed histamine release was
23.4 + 3.1 in basal conditions, 26.5 + 3.2
( F < 0.001) with 1 |iM eimetidine, and
29.5 + 3.4 ( / ' < 0.0001) wilh 100 |iM eimeti-
dine. A dose-related enhaneing elfect of eimeti-
dine on hislamine release was also observed
when basophil leueoeytes were stimulated by
f-met peplide: mean pereent histamine release
was 32.8±4.5 in control conditions, 34.1 ±4 .6
with 1 (.iM eimetidine, and 38.3 + 5.1 with 100
(xM eimetidine (Fig. 2). However, the effeet was
not statistically significant at all the concentra-
tions used. The H, antihistamine, ehlorphenira-
mine, at the highest dose employed (10 |iM),
displayed an inhibitory effeet both on IgE-medi-
ated and IgE-independent histamine release.
Mean pereent anti-IgE-indueed histamine re-
lease was 25.5 + 4.1 with no drug and 19.4±3.7
{P<0.05) after ineubation with 10 |iM chlor-
pheniramine. There was a dose-related inhibi-
tory trend of ehlorpheniramine on histamine
release induced by f-met peptide, although not
signifieant at all the doses used. Mean pereent
histamine release was 35.4 + 5.3 with no drug
and 30.6 + 5.5 with 10 [.iM ehlorpheniramine
(Eig. 3).

When leucocyte suspensions were ineubated
with different histamine concentrations (from

0.01 to 5 |xM), during the first stage of histamine
release, a signifieant and dose-dependent redue-
tion of anti-IgE-indueed histamine release was
found. By contrast, basophil exposure to the H,,
agonist (R)amethyl-histamine did not modify ba-
sophil response to activating agents (Fig. 4).

DISCUSSION

Extracellular histamine has an inhibitory effect
on anti-IgE-induced histamine release from hu-
man basophils, as already observed by Bourne
et al. (3, 4) and Liehtenstein et al (12). Con-
versely, (R)amethyl-histamine, a selective H3
agonist, is devoid of any appreciable effect on
histamine release. Accordingly, also the H., selee-
tivc antagonist thioperamide does not modify anti-
IgE- and f-niet peptide-induced histamine release.
This suggests that H,, receptors are not involved in
the regulation of histamine release Irom human
basophils.

An inhibitory effect on IgE-mediated histamine
release is found when basophil leucocytes are pre-
incubated with the highest dose of the H, antag-
onist ehlorpheniramine (10 jiM), This is in keep-
ing with Liehtenstein et al. (13), who
demonstrated that several H, antihistamines,
namely at high concentrations (0.1 - 1 mM),
have an inhibitory aetivity on histamine release.
The H,, antagonist eimetidine enhanees anti-
IgE- and, lo a lesser extent, f-met-peptide-
induced histamine release. The elfect is dose-
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from 100 nM to 10 V-M), 10 min before addition of anli-lgE eubated for 10 min wilh the H., agoni.st (R)amelhyl-histami-
(1/5000) or f-met peplide (10 nM). Results represent ihc ne, al coneentrations ranging from 1 nM lo 100 nM, and
mean±SEM of 12 different experiments. Signifieanlly dit- then stimulated with anti-IgE (1/5000) or t-met peptide (10

nM), Results represent the mean±SEM of 10 different
experiments.
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Table I.

li.stamine coiicentratitm (|.iM)

Mean

SEM

P

0

28,81

2.41

0.01

23.35

2.81

< 0.001

O.I

20.62

2.05

< 0.0001

1

16.95

1.75

< 0.00001

5

I.'?. 68

1.36

< 0.0001

Inhibitory cffft I tif e.xtigentHi.s histaniine on anii-lgE-indueed hislamine release from human ba.sopllils. Leucocyte stimuhuion

was larried tml in ivvti stagts and lhe eflc( Is tit extigenous histaniine on the Inst stage evaluated. Leueoeytes weie divided in

aliqutns and su.spended in 'l'yn)de's buffer withoul Ca ' " , (oiUaining different hislamine coneentrations (0, 0.01, 0.1, I and 5

]xM). After incubation lor 10 min al :i7°(; in ihc presence of an optimal concentration of anti-IgE, the cells were washed twice

in Ca'*-free Tyrode's buffer, and ineubated tor lit) min at :i7°C in Ca^'-containing Tyrode'.s buffer. Hi.slamine relea.se in ihc

supernatani was measured by an automalcd lluoroincliic iiiclhtid, Resulls are expre,ssed as percent hislamine release

(mean ± SEM; n - 8),

dependent, more pronounced with the highest
dose employed (100 nM), and related to the
stimulus used to activate human basophils. The
different behaviour ean probably be explained
by the different amounts of histamine released
by the two agents. E-met jieptide is usually a
more potent histamine releaser than anti-IgE,
and this has been confirmed also in our experi-
ments. The enhancing effect of eimetidine is in
fact prominent at low levels of histamine re-
lease, whereas little oi' no enhancement can be
found when basophil leueoeytes release high
percentages of histamine. This is in keeping
with the observations of other authors (4, 9, 18),
who observed that H.̂  antagonists have a more
pronouneed enhaneing efleet when antigen-
induced histamine release is low (i.e. < 20% of
total histamine eontent). Alternatively, the reas-
on for the different elfect of eimetidine shotild
be searehed for in th(' different ineehanisms of
aelion of lhe Iwo slimiili. Anli-Igl'^ induees his-
tamine release through cross-linking of mem-
brane-bound IgE (7), whereas f-mel peptide
interacts with a membrane receptor, whieh dil-
fers from IgE and C5a reeeptors (16). Also,
anti-IgE- and f-met |)eptide-induced histamine
release are differently affeeted by a hypertonie
environment (17). Therefore, it cannot be ex-
eluded that the different effeet of eimetidine is
related to lhe different meehani.sms of aetion of
the Iwo slinitili.

Released histamine was demonstraled to be-
have as a feed-back inhibitor of histamine release

from human basophil leucocytes, as well as from
rat and human brain tissue and peripheral nerve
endings (1-3, 6, 12, 13). Several experimental
data indieate that LI,̂ , but nol H, or H,,, reeeptors
are involved in the regulation of histamine release
h'om human basophil leueoeytes: firstly, H,̂ , but
not H, or H,,, aniihistamines enhanee histamine
release from huitian basophil leucocytes (12, 13,
19), and, seeondly, dimaprit, a selective H,̂  ago-
nist, ean mimic the inhibilory effect of extracellu-
lar histamine on antigen-indueed histamine re-
lease from human basophils (19). Our resulls are
in kee]Ding with lhe previous findings indieating
ihat Ll, reec:plors mediate lhe leed-baek inhibi-
lion of hislamine release Irom human basophils,
and demonstrate that thioperamide, a selective
H., antagonist, and (R)anielhyl-hislamine, a selec-
tive LI,I agonisl, are devoid of any elleet on IgE-
lnedialed and Iglvindependent histaniine release
Irom ihese cells. In eontrast, it is denionstiated that
H,| r(:ce|3tors regulate histannne synthesis and re-
lease from histaininergic nerve endings (I, 2, 6);
therefore, il ean be suggested that lhe histamine
reeeptors eontrolling lustamine release vary Irom
eell type to eell lype,
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