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Immediate hypersensitivity is a reaction to a foreign substance and is im­
munological in nature. Initial challenge with the foreign material stimu­
lates, by interaction with T lymphocytes and macrophages, the immune 
system. The response is the generation of B lymphocytes which recognize 
the antigenic determinants of the foreign material; these B cells then 
differentiate into plasma cells which elaborate IgE-class antibodies directed 
against the antigens. The IgE antibodies so formed become fixed to tissue 
mast cells or circulating basophil leucocytes. In man, rat, and mouse the 
antibody which fixes to mast cells and basophils is of the IgE class whereas 
in other species such as guinea pig it appears to be a subclass of IgG 
antibodies. In either case the production of antibody which specifically 
binds to mast cells and basophils is fundamental to the immediate hypersen­
sitivity reaction. Second and subsequent challenges with foreign antigen 
lead to an antigen-antibody reaction on the mast cell and basophil mem­
brane. The immunological and the pharmacological control of IgE produc­
tion has been the subject of earlier reviews (1-4). 

Stimulation of the mast cell and basophil membranes initiates a sequence 
of cellular events leading to the release of the mediators of the immediate 
hypersensitivity reaction. The mediators have long been known to include 
histamine, slow reacting substance (SRS), and, in some species, 5-hydroxy­
tryptamine. Other putative mediators include prostaglandins, kinins, 
chemotactic factors, and platelet activating factor. The smooth muscle 
contraction, glandular secretion, cell accumulation, increased capillary 
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64 FOREMAN 

permeability, and altered blood coagulation are together the manifestations 
of the mediators released in the immediate hypersensitivity reaction to 
foreign antigens. 

Recent developments in the understanding of the immediate hypersen­
sitivity reaction have involved the properties of the cellular receptor for IgE, 
phospholipid metabolism in mast cells, the role of calcium in stimulus­
secretion coupling, and the structure of slow reacting substances. All of 
these areas are of interest to the pharmacologist and are the subject of this 
review. 

CELLULAR RECEPTOR FOR IgE 
The initial studies of the mechanism of antigen-antibody-induced histamine 
release were performed using guinea pig tissu�s where the antibody class 
which binds to mast cells is IgG (5). However, experiments in rats indicated 
that a special class of antibody which was both heat labile and destroyed 
by sulfhydryl reagents was responsible for sensitizing mast cells (6). The 
reaginic antibody, as it was called, also showed persistence at the site of skin 
injection in comparison with other antibody classes (7). Ishizaka demon­
strated that reaginic antibody was a class separate from the immunoglobu­
lins already described and he designated it IgE (8). The IgE class of 
antibody binds selectively to mast cells and basophil leucocytes with little 
binding to other -cells such as macrophages, neutrophil, and eosinophil 
leucocytes (9). By using Fc and Fab fragments of IgE antibody in competi­
tion experiments it has been demonstrated that the Fc region ofIgE inhibits 
the binding of IgE to mast cells and basophils (10). On the basis of this 
evidence it is presumed that the receptor for IgE on mast cells and basophils 
is an Fc receptor. Both autoradiographic experiments and radioassays of 
labeled IgE binding kinetics have indicated that rat mast cells and human 
basophils possess about 105 IgE receptors per cell. The basophilic leukemia 
of the rat has about 106 receptors per cell and it is this cell line which has 
been used to study the IgE receptor (11). 

The binding of the IgE molecule to its receptor has a rate constant of 
105 M-1sec-1 whereas the reverse reaction has a rate constant of about 
10-7sec-1. The equilibrium dissociation constant for the binding of IgE to 
its receptor has a value of about lo-ll M (11). 

The valency of the receptor for IgE is believed to be unity and this is based 
on experiments in which free receptors were exposed to mixtures of IgE 
labeled either with rhodamine or with fluorescein. Anti-IgE treatment of 
such cells caused the two fluorescent colors to co-cap on the membrane, but 
antitluorescein produced only green cap formation indicating that receptors 
bearing IgE-fluorescein had no attached IgE-rhodamine (12). In addition 
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IMMEDIATE HYPERSENSITIVITY 65 

to suggesting univalency of the receptor, these experiments also demon­
strate mobility of the receptor within the lateral plane of the membrane. 
Similar conclusions have been drawn from photobleaching experiments in 
which fluorescence recovery time is measured after bleaching of membrane 
bearing IgE- fluorescein and IgE-rhodamine. Immobilization of IgE-fluore­
scein prevented recovery of green fluorescence in a bleached area without 
altering the mobility of rhodamine-labeled IgE: The experiments provide 
evidence against receptor-receptor interactions and confirm the univalent 
nature of the receptor (13). In addition, the rate of recovery in photobleach­
ing experiments provided an estimate of the diffusion coefficient of the 
receptor in the membrane: 2 X 10-10 cm2 sec-I. The diffusion coefficient of 
a lipid probe in the same membrane was found to be 8 )(10-9 cm2 sec-1 
indicating that the membrane is fluid at physiological temperatures. Inter­
estingly, cytochalasin B, which inhibits microfilament function, reduces 
receptor mobility, whereas disruption of microtubules with colchicine has 
no effect on mobility. 

Using the rat basophilic leukemia as a source of material, the IgE recep­
tor has been solubilized and purified (14, 15). The most recent estimates 
reveal that the receptor is a glycoprotein with a molecular weight of about 
80,000, and this protein appears to have two subunits. The part of the 
receptor which is labeled from the cell surface and which binds IgE is a 
subunit of molecular weight 50,000 (16). Binding of IgE to the 50,000 
subunit is not influenced by the presence of the 30,000 subunit, the function 
of which is not known. The various methods of determining the size of the 

IgE binding protein are not in agreement. Polyacrylamide gel electrophore­
sis (PAGE) and amino acid analyses give values of 50,000, whereas radia­
tion inactivation has yielded a value of 30,000. The question of further 
functional subdivision of the 80,000 molecular weight receptor is one which 
remains unanswered. 

THE MEMBRANE SIGNAL 
Simple binding of an IgE molecule to its receptor on a mast cell or basophil 
leucocyte does not activate the cell to secrete histamine. The feature of an 
immediate hypersensitivity reaction which brings about activation of the 
cell is the binding of antigen to the cell-bound IgE. It has been known for 
some time that the antigen must be bi- or multivalent in order to produce 
cellular activation: Monovalent antigens do not activate the cell when they 
bind to the IgE (17). The requirement for divalency may indicate that some 
type of cross-linking is the key to cellular activation. Further evidence in 
support of the cross-linking hypothesis is available from a variety of experi­
mental approaches which are summarized in Figure 1. The most recent data 
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66 FOREMAN 

employing antibody (lgG) directed against the IgE receptor itself is com­
pelling evidence in support of the hypothesis that the mechanical coupling 
of adjacent IgE receptors within the fluid mosaic of the membrane is the 
initial event in a sequence which ultimately brings about the secretion of 
histamine (18). Only complete antireceptor antibody with its two antigen 
combining sites (Fab) acts as a membrane signal. Antireceptof which has 
been dissociated into single Fab units still binds to the receptor but cannot 
act as a membrane signal because it is only monovalent. Figure If shows 
that chemically dimerized IgE binds to unoccupied IgE receptors in the 
membrane, cross-linking them and stimulating secretion. An important 
question relating to this type of experiment is: What is the activity of trimers 
and higher polymers? Asked in another way the question becomes: What 
is the nature of the membrane signal formed by cross-linking three or more 
receptors compared with cross-linking only two? Recent experiments com­
paring the secretory response to dimers, trimers, and higher polymers of 
IgE have revealed that in rat basophilic leukemic cells, trimers are more 
effective than dimers by at least two orders of magnitude (19). It appears, 
therefore, that cross-linking more than two IgE receptors is a more effective 
membrane signal than cross-linking two. In molecular terms we are not yet 
in a position to explain this phenomenon since the relationship between 
stimulus and later events in stimulus-secretion coupling has yet to be de­
fined. 
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Figure 1 Diagrammatic representation of the various modes of cross-linking IgE receptors 
to initiate histamine secretion. (Reproduced by permission of Elsevier/North Holland.) 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



IMMEDIATE HYPERSENSITIVITY 67 

Electron microscopic observation of the aggregation of IgE on the mem­
brane of stimulated mast cells has failed to reveal a relationship between 
aggregate size and the magnitude of the secretory response. Perhaps this is 
not surprising since only large changes in receptor distribution are observ­
able on electron micrographs and the changes necessary to stimulate the 
cells may amount only to the cross-linking of a few adjacent receptors (20). 
No relationship between aggregation of receptors, patching or capping, and 
either activation or inactivation of secretory response has been observed 
(21). 

CALCIUM 
The requirement of antigen-induced histamine secretion for extracellular 
calcium was first demonstrated in chopped lung and has been confirmed in 
basophil leucocytes and rat mast cells (22-24). Calcium 0.1 to 1 mM 
activates antigen-induced histamine release but in the presence of zero 
extracellular calcium some antigen-stimulated histamine secretion still oc­
curs. The histamine secretion which IS not dependent on extracellular cal­
cium is not inhibited by di (2-aminoethoxy)-ethane tetracetic acid (EGT A), 
a calcium chelating agent (24, 25). 

Douglas has drawn attention to the similarities between the excitation­
contraction coupling of muscle and stimulus-secretion coupling (26). It was 
proposed that a rise in free cytosolic calcium ion concentration was the 
second messenger coupling the membrane receptor-ligand interaction with 
the subsequent release of preformed granular material. Several pieces of 
evidence are available which are consistent with such a model for the 
activation of histamine secretion. First, the calcium ionophores A23187 and 
ionomycin transport calcium from the extracellular medium into the cell, 
and this is associated with histamine secretion (27, 28). It is interesting to 
note that the calcium inonphore A23187 can apparently also be made to 
release intracellular stores of calcium and induce histamine secretion in the 
absence of calcium (25, 29-31). Second, published reports concerning mi­
croinjection of calcium into mast cells with a calcium-filled glass mi­
cropipette are in conflict: One group (32) reported activation of 
degranulation by injection of calcium into mast cells whereas another group 
failed to obtain such a result (33). Third, it has recently been shown that 
fusion of calcium-loaded liposomes with rat mast cells can lead to histamine 
secretion, presumably as a result of calcium being released from liposomes 
into the cell interior (34). Finally lanthanum, which competes for calcium 
binding sites in a number of biological systems and prevents calcium trans­
port across membranes, inhibits histamine secretion induced by antigen 
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68 FOREMAN 

stimulation. Inhibition of histamine secretion by lanthanum is the result of 
competition between calcium and lanthanum at an extracellular site which 
is thought to be the calcium channel (35). 

Accepting evidence that intracellular calcium is associated with activa­
tion of secretion and knowing that antigen-stimulated histamine secretion 
requires extracellular calcium, it might be expected that the antigen-anti­
body reaction on the mast cell membrane would increase the permeability 
of the membrane toward calcium. Figure 2 shows that stimulation of puri­
fied rat mast cells with an antibody directed against IgE receptors (see also 
Figure 1) causes histamine secretion and an uptake by the cells of45calcium. 
It has been shown that the uptake of calcium measured in this way has 
several components including binding to the cell surface and to released 
granular material. However, about one third of the total uptake observed 
in stimulated cells represents passage of45calcium across the cell membrane 
and this occurs in the absence of secretion in stimulated cells treated with 
antimycin A (36, 37). It is concluded, therefore, that cross-linking signals 
increase the membrane permeability of mast cells to calcium. 

It has already been mentioned that some experiments on mast cells have 
indicated the presence of intracellular stores of calcium which may be 
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Figure 2 Histamine release and 45calcium uptake induced by antibody to the 19B receptor 
(anti·RBL). Monovalent antibody (Fab') or nonspecific rabbit gamma globulin [F(ab')2 RGG] 
are inactive. 
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IMMEDIATE HYPERSENSITIVITY 69 

utilized for coupling a stimulus to histamine secretion. Some ligands such 
as compound 48/80, peptide 401, and polylysine produce histamine secre­
tion in the absence of extracellular calcium (35, 38). Furthermore histamine 
secretion by these agents is not sensitive to inhibition by lanthanum at 
concentrations which prevent antigen-stimulated histamine release, indicat­
ing that it is not an external membrane-bound source of calcium ions being 
utilized in histamine secretion by these agents. However, incubation of mast 
cells with EGTA to chelate calcium prevents the action of compound 48/80 
and the other basic ligands but secretion may be restored by adding ex­
tracellular calcium (39). It has recently been shown that A23187 can induce 
histamine secretion in the absence of calcium, presumably by releasing an 
intracellular pool of calcium. Changes in extracellular pH in an acid direc­
tion increase the proportion of histamine secretion which is independent of 
extracellular calcium when the cells are stimulated either with antigen or 
A23187 (Figure 3). The calcium-independent release induced in this way 
is not sensitive to extracellular chelating agents and is presumed, therefore, 
to be due to an action of extracellular hydrogen ions resulting in the release 
of intracellular calcium. In fact, EGTA increases the histamine secretion 
from antigen-stimulated cells in the absence of external calcium at acid pH 
(Figure 3) (25, 30). 

Histamine secretion can, therefore, result from a ligand-receptor interac­
tion at the membrane causing entry of calcium from extracellular to in­
tracellular compartments or by causing release of calcium from 
intracellular stores. The evidence for internal stores is, however, indirect, 60 
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70 FOREMAN 

although an alternative explanation of the data available would require 
separate mechanisms of secretion: one calcium-coupled and one not. 

A further point to be made about calcium and histamine secretion con­
cerns secretion in the absence of a ligand-receptor interaction: so-called 
spontaneous secretion. Spontaneous histamine secretion from rat mast cells 
does not increase with time over periods of 1-2 hr incubation at 37°C in 
the presence of calcium (40). Furthermore, the extracellular calcium con­
centration does not influence spontaneous histamine release. If IgE receptor 
cross-linking induces increased membrane permeability to calcium, perhaps 
by forming calcium channels, it would not seem unreasonable to predict a 
certain frequency of spontaneous aggregation of receptors. Calcium­
dependent spontaneous secretion would be expected to ensue from this only 
if the amount of calcium entering through the spontaneously opened chan­
nel was sufficient to activate secretion. The experimental data indicates that 
this is not so. However, it has been shown that the antigen-operated calcium 
channel has greater permeability to strontium compared with calcium (41, 
42) and so this other alkaline earth ion can be used as a more sensitive probe 
of calcium channels. Replacement of extracellular calcium with extracellu­
lar strontium ions increases spontaneous secretions, and the mechanism of 
this spontaneous secretion appears to be similar to the mechanism of anti­
gen-mediated secretion in the presence of calcium (40). Also, while the 
resting mast cell membrane shows virtually no permeability to calcium 
(8 f mole cm-2 sec-I) it has a permeability to strontium (38 f mole cm-2 
sec-I) which allows the ion to accumulate in the cells and thus stimulate 
secretion (40). 

Finally, the control of secretion by regulation of membrane calcium 
permeability should be discussed. A permanent and uncontrolled increase 
in membrane permeability to calcium would be expected to be lethal to a 
cell since so many cellular processes depend upon low intracellular calcium 
levels and precise buffering mechanisms. The increased membrane permea­
bility of mast cells following a cross-linking stimulus appears to be a tran­
sient phenomenon. If mast cells or basophils are stimulated with antigen in 
the absence of extracellular calcium, little or no histamine secretion occurs 
until calcium is added back. The cells show a decreasing response to the 
readdition of calcium as the interval between stimulus and calcium addition 
is increased (43-45). The secretory response decays or desensitizes with 
respect to calcium. Cells whose response to calcium has decayed in this way 
are still responsive to stimulation with the calcium ionophore A23187. 
Furthermore, the response to calcium of cells treated with A23187 does not 
demonstrate inactivation of calcium response. The experiments support the 
view that activation of secretion involves transient increase of membrane 
permeability induced by the stimulus, and this has been confirmed by 
measurement of the membrane permeability using 45calcium (36). Stimula-
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IMMEDIATE HYPERSENSITIVITY 71 

tion causes increased permeability to calcium which decreases with time 
after stimulation; the time course of decay in the permeability of the mem­
brane to calcium parallels the time course of the inactivation of secretion. 
Mast cells and basophils appear, then, to preserve cellular homeostasis by 
limiting stimulus-induced calcium entry. 

PHOSPHOLIPIDS 
Michell and colleagues (46, 47) have accumulated evidence in support of 
the hypothesis that breakdown of membrane phosphatidyl inositol is an 
essential step in the formation and control of membrane calcium channels. 
In view of the known role of calcium ions in histamine secretion and the 
hypothesis relating movement of calcium across the mast cell membrane to 
activation of histamine secretion, it is not surprising that much attention has 
recently been focused on phospholipid metabolism in mast cells. 

It has been shown independently by Gomperts (48) and by Sullivan (49) 
that stimulating rat mast cells with antigen, anti-IgE, concanavalin A, 
compound 48/80 and the ionophore A23l87 produces increased incorpora­
tion of either [32p] Pi or PH] inositol. In both studies the time course of both 
phosphatidy1 inositol turnover and histamine secretion was similar but 
there was a consistent difference between the concentrations of ligand caus­
ing histamine secretion compared with the concentrations required to stim­
ulate phosphatidyl inositol turnover. Phosphatidyl inositol turnover was 
detectable at concentrations up to an order of magnitude lower than those 
needed for stimulation of histamine secretion. The increased phosphatidyl 
inositol turnover in stimulated mast cells does not require calcium in the 
extracellular medium which would be consistent with the hypothesis that 
the breakdown of this phospholipid is involved in calcium channel forma­
tion. However, it is not clear why compound 48/80 initiates increased 
phosphatidyl inositol turnover since it appears not to trigger secretion by 
forming membrane calcium channels. Phosphatidyl inositol is not the only 
phospholipid to turn over in stimulated mast cells: Phosphatidic acid and 
phosphatidyl choline also show stimulated turnover whereas phosphatidyl 
serine, phosphatidyl ethanolamine, and sphingomyelin do not (49, 50). It 
is interesting that phosphatidyl serine potentiates both histamine secretion 
and phosphatidyl inositol turnover induced by immunological stimulation 
of mast cells. Furthermore, theophylline and dibutyryl cyclic AMP inhibit 
both antigen-stimulated phosphatidyl inositol turnover and also histamine 
secretion. A close parallel therefore exists between secretion and phosphati­
dyl inositol turnover but the experiments published thus far have failed to 
show that phosphatidyl inositol turnover is an essential link between recep­
tor-ligand binding and the opening of calcium channels. It is possible that 
phosphatidyl inositol turnover is an epiphenomenon of mast cell stimula-

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



72 FOREMAN 

tion. With this in mind and also the observation that phosphatidyl inositol 
is not the only phospholipid to show increased turnover in stimulated cells, 
it has been suggested that the important phospholipid metabolite is diacyl­
glycerol. Diacylglycerol is a fusagen and is also a product of phospholipid 
turnover in mast cells (51). It has been suggested, therefore, that diacyl­
glycerol formation might have a role to play in histamine secretion at a 
stage, much later than calcium entry into the cytosol, when granule and cell 
membranes are fusing to release the granule contents. Once again, the 
experiments available so far do not establish a functional role in secretion 
for either phosphatidyl inositol turnover or diacylglycerol formation since 
it is not clear whether or not these events are merely the result of secretion. 
It would be interesting to know whether diacylglycerol formation and 
phosphatidyl inositol turnover are increased when cells are stimulated 
under conditions where secretion itself is prevented, say by metabolic 
inhibitors such as 2-deoxY-D-glucose or antimycin A. If the phospholipid 
changes occur in stimulated cells in the absence of secretion, the change 
cannot then be said to be a result of the membrane fusions occurring 
during secretion. 

Apart from increased turnover of phospholipids in stimulated mast cells, 
a number of methylation reactions involving membrane phospholipids have 
recently been described by Axelrod and colleagues (52). Mast cells stimu­
lated by concanavalin A show increased incorporation of [3H] methyl 
groups from methionine into phospholipid (53). It has been suggested that 
phosphatidyl ethanolamine formed from membrane or exogenous phos­
phatidyl serine acts as a substrate for a methyltransferase designated I 
which generates N-monomethyl phosphatidyl ethanolamine. The me­
thylated phosphatidyl ethanolamine then appears to be converted by me­
thyltransferase II into phosphatidyl choline. The reaction sequence is 
shown diagrammatically in Figure 4. Ishizaka and colleagues have at­
tempted to demonstrate the relationship between these methylations of 
mast cell phospholipids and the calcium transport across the membrane 
which is believed to be one of the early events in the activation of histamine 
secretion (54). 

Methylated phospholipids are formed within 15 sec of stimulating mast 
cells (54), and the stimulated increase in phospholipid methylation is over 
within 1 min of stimulus application. It clearly precedes in time both 
histamine secretion and 45calcium uptake. S-isobutyryl-3-deaza-adenosine, 
1-30 JLM, was used to inhibit S-adenosyl-L-methionine-dependent methy­
lation reactions and it was shown that this compound inhibited phos­
pholipid methylation, 45calcium uptake, and histamine secretion in mast 
cells stimulated with anti (IgE receptor) antibody. Methylation and 
45calcium uptake were also inhibited by 3-deaza-adenosine, 0. 1-6.4 JLM, 
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DECARBOXYlASE 

PHOSPHAT IDYl ETHANOLAMINE l METHYLTRANsFERAsE 1 

MONOME.THYL 
PHOSPHATIDYL ETHANOLAMINE 1 METHYL TRANSFERASE II 

PHOSPHAT IDYL CHOUNE 

/ 
DIACYLGLYCEROL LYSOPHOSPHATIDYL CHOLINE 

��----------��.r----------------�/ 
rUSAGENS 

Figure 4 Methods of formi'.'g potential fusagens from membrane phospholipids. 

and inhibition by this latter drug was enhanced in the presence of L­
homocysteine-thiolactone 1-10 nM. The observations have been used to 
support the hypothesis that phospholipid methylation is a reaction which 
couples the membrane stimulus (anti-receptor-induced receptor aggrega­
tion) with calcium channel formation. While the time courses of the events 
appear compatible with this, no experiments with inhibitors of calcium 
transport have been performed to see whether they interfere also with the 
methylation reactions. Also, it would be interesting to know whether the 
calcium ionophore A23187 stimulates phospholipid methylation. One 
would predict that artificial calcium carriers should not require phos­
pholipid methylation to initiate calcium transport and histamine secretion. 
It must also be pointed out that the concentrations of S-isobutyryl-3-deaza­
adenosine required to produce 60% inhibition of phospholipid methylation 
are about ten times less than the concentrations required to inhibit hista­
mine secretion and about three times less than those to inhibit 45calcium 
uptake (54). The actions of this inhibitor may, therefore, not be at a single 
site. 

It has been suggested many times [see (55) for review] that one of the 
events coupling the membrane stimulus to histamine secretion is the activa­
tion of phospholipase. Indirect evidence showing that rat mast cells produce 
prostaglandins makes it very likely that arachidonic acid can be liberated 
from mast cell phospholipids by a phospholipase, and since the discovery 
(56) that slow reacting substance (SRS-A) is a metabolite of arachidonic 
acid (see Figure 5) more attention is again focused on a role for phospholi­
pase in the secretory response of mast cells. Unfortunatelt no specific 
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R 

COOH 
�S-CH 

I 2 
CHCO-R2 I NH-R 1 

Figure 5 Structure of the leukotrienes (90) which have slow reacting substance activity. 

RI - Glu, R2 - Gly Leukotriene C; RI -H, R2 - Gly Leukotriene D; RI - H, R2 - H Leukotriene 

E. 

inhibitor of phospholipase A is available and so no clear picture emerges 
from the various experimental approaches. 

Labeled arachidonic acid becomes incorporated into material which has 
the biological activity of SRS (56) and it has been shown that the lipoxyge­
nase metabolites of arachidonic acid, the leukotrienes, have some or possi­
bly all of the biological activity of SRS (57, 58). Mast cells also metabolize 
arachidonic acid by the cyclooxygenase pathway tu produce prostaglandins, 
principally PGD2, but also PGE2 and PGF2a as well as thromboxanes. 
While the mediator role of SRS is accepted and has been supported by the 
use of the selective antagonist of SRS, FPL 55712 (59), the mediator role 
in immediate hypersensitivity of the prostaglandins, and thromboxanes 
remains to be determined. 

The arachidonic acid which acts as a substrate for SRS and prostaglandin 
formation is assumed to come from mast cell or basophil membrane phos­
pholipid by the action of phospholipase. Use has been made of the inhibitors 
of cyclooxygenase such as aspirin, medofenamic acid, and indomethacin, 
together with drugs such as 5,8, 11, 14-eicosatetraynoic acid (ETYA) and 
BW 557 which inhibit lipoxygenase and cyclooxygenase enzymes, to inves­
tigate the role of arachidonic acid metabolites in the process of histamine 
secretion. 

Evidence that aspirin inhibited histamine secretion predated the knowl­
edge of its role as an cyclooxygenase inhibitor (60). The inhibitory action 
of aspirin on histamine release is manifest at concentrations much higher 
than those which inhibit cyclooxygenase and such drugs may inhibit secre­
tion by acting either as calcium antagonists (61) or by preventing ATP 
synthesis (62). Concentrations of aspirin and indomethacin up to 60 p.M 
do not inhibit histamine secretion. However, ETY A does inhibit histamine 
secretion induced by cross-linking stimuli (63, 64). In addition arachidonic 
acid inhibits stimulated secretion, this inhibition being prevented by aspirin 
(63, 64). It has been proposed therefore, that lipoxygenase products are 
necessary for the activation of secretion and that cyclooxygenase products 
act to inhibit secretion. It has been established for some time that PGEz 
inhibits antigen-stimulated histamine release (65). 
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No general conclusion about the role of phospholipids and arachidonic 
acid metabolites in histamine secretion is currently possible but the avail­
able evidence indicates that these molecules play a central role in the 
biochemistry of the immediate hypersensitivity reaction. 

CYCLIC NUCLEOTIDES 
The original observation that epinephrine inhibited antigen-induced hista­
mine secretion (66) was confirmed using a human basophil leucocyte model 
(67). From those starting points research on the role of cyclic nucleotides 
in histamine secretion has followed many paths but no clear picture 
emerges. There is good evidence that a ,a-adrenergic receptor in guinea pig 
and human lung can, when activated, inhibit antigen-induced histamine 
release (68), but the evidence for such a ,a-receptor is less good in human 
basophils where quite high concentrations of isoprenaline (isoproterenol) 
are needed for inhibition of histamine secretion (69). The quantitative data 
for pA2 measurement is also lacking for the human basophil. In the case 
of the rat mast cell, it is fairly clear that a ,a-adrenergic receptor does not 
influence histamine secretion but it is not clear whether these cells have no 
receptor or possess an uncoupled receptor (70, 71). 

Apart from ,a-receptor agonists, other agents which cause increased lev­
els of cyClic AMP within the cell have been shown to inhibit antigen­
induced histamine release from mast cells and basophils. Cholera toxin, 
theophylline, dibutyryl cyclic AMP, and adenosine phosphorothioate all 
inhibit antigen-induced histamine release from mast cells and basophils (67, 
72-74). 

A recent development in understanding how the phosphodiesterase in­
hibitor theophylline inhibits histamine release has arisen from the report 
that adenosine enhances histamine release from mast cells (75, 76). The 
mechanism of action of adenosine in this respect is not known but it en­
hances antigen- and A23187-stimulated secretion. Because theophylline is 
a competitive antagonist of adenosine, it has been suggested that it inhibits 
histamine release by preventing the enhancing effect of adenosine which 
may be present at the mast cell membrane (77). Some doubt about this 
hypothesis has been raised by the observation that in basophils adenosine 
itself inhibits antigen-induced histamine secretion (78). 

Changes in cyclic AMP levels which result from stimulating cells have 
been measured and the experiments show a rapid fall in cyclic AMP level 
following stimulation; the levels recover to basal values with the same time 
course as the inactivation process (see above) (79). Other experiments show 
a similar rapid fall of cyclic AMP level followed by much slower return to 
resting level (80). 

Rat mast cells contain two protein kinase enzymes, only one of which is 
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cyclic AMP-dependent (81). The cyclic AMP-dependent protein kinase is 
activated by immunological stimulation of the cells and accounts for the 
majority of the total protein kinase activity. The relationship betweeen these 
protein kinases and the phosphorylation of membrane proteins when cells 
are stimulated with A23187 or 48/80 is not established (82) but will no 
doubt be an interesting area for further experiments. 

The observation that cyclic AMP is associated with inhibition of antigen­
stimulated histamine secretion but does not affect A23187 -induced secre­
tion (83) led to the hypothesis that cyclic AMP inhibits histamine secretion 
by blocking calcium transport across the mast cell membrane. Direct evi­
dence for this has been obtained with 45calcium uptake experiments (36). 
However, the histamine secretion induced by A23187 can under certain 
conditions be inhibited by dibutyryl cyclic AMP which suggests that cyclic 
AMP may have more than one action (84). In basophils, drugs which 
elevate cyclic AMP levels can both inhibit and enhance histamine secretion 
depending on how the cells are stimulated (85). Cross-linking stimulation 
results in a type of secretion whose maximum level is reduced by cyclic 
AMP but the rate of secretion is increased (86). The ionophore A23187-
induced secretion and spontaneous secretion are not reduced in amount by 
cyclic AMP but again the rate of secretion is increased (86). Cyclic AMP 
may, therefore, exert actions on the rate and on the magnitude of secretion. 

The various sites of action of cyclic AMP, the functions of the protein 
kinases, and the nature of phosphorylated membrane proteins will no doubt 
lead to a better understanding of antigen-stimulated histamine secretion. 

There have been reports that cholinergic receptor activation may potenti­
ate antigen-stimulated secretion and it was suggested that the second mes­
senger for such potentiation was cyclic GMP (87). The experiments were 
performed in chopped lung where 8-bromo-cyclic (GMP) potentiated anti­
gen-stimulated histamine secretion. There are no reports confirming these 
observations in human basophils or rat mast cells. In fact, experiments 
designed to confirm them have failed in the author's own laboratory and 
also elsewhere (L. M. Lichtenstein, personal communication). Recent ac­
counts of the histamine releasing action of acetylcholine (88, 89) have also 
not been reproduced in other laboratories (J. C. Foreman, unpublished; 
J. L. Mongar, personal communication; B. D. Gomperts, personal commu­
nication; L. M. Lichtenstein, personal communication). 

This review sets the most recently reported experiments in the context 
of some of the more firmly established knowledge about the immediate 
hypersensitivity reaction. The model depicted in Figure 6 is an attempt to 
synthesize the available material though, as with most models, it is incom­
plete and, in places, speculative. It will, I hope, provoke further experi­
ments. 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



leukotrienes 
HETE HPETE 

Histamine 

V��. Heparin � etc Ca2+ Enzymes 

PSI' � 

j 
<Jl '" 

g�Qs�li!lki.n9. _ 
� � 

I I I • I I I a.(/) 1 1- - -- ---- - - --- -
50KIsignai �---.OOPS_PE------oo :g>- ®® 'I-

I I I 
' ) I I .= 

_____ ___ � __ I I I I C H3 PErr--+PC I I ,g"6 :: 
� .oo--------�(-)<OO ! � j®f ®PI--"C -----f�;;;;n---

. ,wPI turnover Cl. � .- '- -) + 
Protein klOases

.. 
Cl. � -- Ca2+ 

extrusion 

\ _ Ca transport ____ - --- i 
lyso PC 

_____ cAMP I Diacylglycerol 

'" 
// inositol phosphate 

Pnosphodlesterase '" 
AlP 

Oxidative PhosphorYlation � . 
Glycolysis � 

Figure 6 Model for histamine secretion (see text for explanation). 

� � .... � 
� "C 
� � .... >-l 
� 
:! 
.....a .....a 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



78 FOREMAN 

Literature Cited 

1. Tada, T. 1975. Regulation of reaginic 
antibody formation in animals. Prog. 
Allergy 19: 122-94 

2. Ishizaka, K. 1976. Cellular events in the 
IgE antibody response. Adv. Immunol 
23:1-75 

3. Katz, D. H. 1978. Control of IgE anti­
body production by suppressor sub­
stances. J. Allergy Clin. Immunol. 
62:44-55 

4. Foreman, J. C., Lichtenstein, L. M. 
1980. Clinical pharmacology of acute 
allergic disorders. Ann. Rev. Med. 
31:181-90 

5. Mongar, J. L. 1965. Mechanism of pas­
sive sensitisation. Arch. Exp. Pathol. 
Pharmakol. 250:124-35 

6. Ishizaka, K., Ishizaka, T., Hornbrook, 
M. M. 1966. Physiochemical properties 
of reaginic antibody. V. Correlation of 
reaginic activity with yE globulin anti­
body. J. Immunol. 97:840-53 

7. Mota, I. 1964. The mechanism of ana­
phylaxis. 1. Production and biological 
properties of 'mast cell sensitizing' anti­
body. Immunology 7:681-99 

8. Ishizaka, K., Ishizaka, T. 1967. Identifi­
cation of yE antibodies as a carrier of 
reaginic activity. /. Immunol. 99: 
1187-98 

9. Tomioka, H., Ishizaka, K. 1971. Mech­
anisms of passive sensitisation. II. Pres­
ence of receptors for IgE on monkey 
mast cells. J. Immunol. 107:971-78 

10. Ishizaka, K., Ishizaka, T., Lee, E. H. 
1970. Biologic function of the Fc frag­
ments of E myeloma protein. Immuno­
chemistry 7:687-702 

11. Metzger, H. 1977. The cellular receptor 
for IgE. In Receptors and Recognition, 
ed. P. Cuatrecasas, M. F. Greaves, Ser. 
A, 4:73-102. London: Chapman & 
Hall. 258 pp. 

12. Mendoza, G., Metzger, H. 1976. Distri­
bution and valency of receptor for IgE 
on rodent mast cells and related tumour 
cells. Nature 264:548-50 

13. Schlessinger, J., Webb, W. W., Elson, 
E. L., Metzger, H. 1976. Lateral motion 
and valence of Fe receptors on rat 
peritoneal mast cells. Nature 264: 
550-52 

14. Conrad, D. M., Froese, A. 1976. Char­
acterization of the target cell receptor 
for IgE. II. Polyacrylamide gel analysis 
of the surface IgE receptor from normal 
rat mast cells and from rat basophilic 
leukemic cells. /. ImmunoL 116:319-26 

15. Cl;Irson, D. A., Kulczycki .. A., Metzger, 
H. 1975. Interaction of IgE with rat 
basophilic leukemia cells. III. Release 

of intact receptors on cell-free particles. 
/. Immunol. 114:158-60 

16. Metzger, H., Kanellopoulos, J., 
Holowka, D., Goetze, A., Fewtrell, 
C.M.S. 198 I. Structural analysis of the 
receptor for IgE on rat basophilic leu­
kemic cells. In Biochemistry of the Acute 
Allegic Reaction, ed. K. F. Austen, E. 
L. Becker, Kroc Found. Sympo. New 
York: Liss. In press 

17. Landsteiner, K. 1924. Experiments on 
anaphylaxis to azo proteins. /. Exp. 
Med. 39:631-37 

18. Ishizaka, T., Ishizaka, K. 1978. Trig­
gering of histamine release from rat 
mast cells by divalent antibodies against 
IgE-receptors. /. ImmunoL 120:800-5 

19. Fewtrell, C. M. S., Metzger, H. 1980. 
Larger oligomers of IgE are more effec­
tive than dimers in stimulating rat baso­
philic leukemic cells. /. Immunol. 
125:701-10 

20. Lawson, D., Fewtrell, C., Gomperts, B., 
Raff, M. C. 1975. Anti-immunoglobu­
lin-induced histamine secretion by rat 
peritoneal mast cells studied by im­
munoferritin electron microscopy. J. 
Exp. Med. 142:391-402 

21. Becker, K. E., Ishizaka, T, Metzger, 
H., Ishizaka, K., Grimley, P. M. 1973. 
Surface IgE on human basophils during 
histamine release. J. Exp. Med. 
138:394-409 

22. Mongar, J. L., Schild, H. O. 1958. The 
effect of calcium and pH on the ana­
phylactic reaction. /. PhysioL 140: 
272-84 

23. Lichtenstein, L. M., Osler, A. G. 1964. 
Studies of the mechanism of hypersen­
sitivity phenomena: IX. Histamine re­
lease from human leukocytes by rag­
weed pollen antigen. /. Exp. Med. 
120:507-30 

24. Foreman, J. C., Mongar,J. L. 1972. The 
role of alkaline earth ions in anaphylac­
tic histamine secretion. /. Physiol. 
224:753-69 

25. Ennis, M., Truneh, A., White, J. R., 
Pearce, F. L. 1980. Calcium pools in­
volved in histamine release from rat 
mast cells. Int. Arch. Allergy Appl. Im­
munoL 62:467-71 

26. Douglas, W. W. 1968. Stimulus-secre­
tion coupling: The concept and clues 
from chromaffin and other cells. Br. J. 
Pharmacol 34:451-74 

27. Foreman, J. C., Mongar, J. L., Gom­
perts, B. D. 1973. Calcium ionophores 
and movement of calcium ions follow­
ing the physiological stimulus to a 
secretory process. Nature 245:249-51 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



IMMEDIATE HYPERSENSITIVITY 79 

28. Bennett, J. P., Cockroft; S., Gomperts, 
B. D. 1979. Ionomycin stimulates mast 
cell histamine secretion by forming a 
lipid soluble calcium complex. Nature 
282:851-53 

29. Johansen, T. 1980. Histamine release 
induced from rat mast cells by the iono­
phore A23187 in the absence of ex­
tracellular calcium. Eur. J. Pharmacol. 
62:329-34 

30. Foreman, J. C. 1981. Calcium and 
secretion from mast cells and leuco­
cytes. See Ref. 16 

31. Kazimierczak, W., Patkar, S. A., Dia­
mant, B. 1978. The mechanism ofhista­
mine release induced by the ionophore 
X537A from isolated rat mast cells. 
Acta Physiol. Scand. 102:205-73 

32. Kanno, T., Cochrane, D. E., Douglas, 
W. W. 1973. Exocytosis (secretory 
granule extrusion) induced by injection 
of calcium into mast cells. Can. J. 
Physiol. Pharmacol. 51:1001-4 

33. Tasaka, K., Sugiyama, K., Komoto, S., 
Yamasaki, H. 1970. Degranulation of 
isolated rat mast cells induced by A TP 
in presence of calcium ions. Proc. Jpn. 
Acad. 46:317-21 

34. Theoharides, T. C., Douglas, W. W. 
1978. Secretion in mast cells induced by 
calcium entrapped within phospholipid 
vesicles. Science 20 I: 1 143-45 

35. Foreman, J. c., Mongar, J. L. 1973. The 
action of lanthanum and manganese on 
anaphylactic histamine secretion. Br. J. 
Pharmacol. 48:527-37 

36. Foreman,1. C., Hallett, M. B., Mongar, 
J. L. 1977. The relationship between 
histamine secretion and 4scalcium up­
take by mast cells. J. PhysioL 271: 1 93-
214 

37. Ishizaka, T., Foreman, J. c., Sterk, A. 
R., Ishizaka, K. 1979. Induction of cal­
cium flux across the rat mast celI mem­
brane by bridging IgE receptors. Proc. 
NatL Acad. Sci. USA 76:5858-62 

38. Atkinson, G., Ennis, M., Pearce, F. L. 
1979. The effect of alkaline earth ca­
tions on the release of histamine from 
rat peritoneal mast cells treated with 
compound 48/80 and peptide 401. Br. 
J. PharmacoL 65:395-402 

39. Kagayama, M., Douglas, W. W. 1974. 
Electron microscope evidence of calci­
um-induced exocytosis in mast cells 
treated with compound 48/80 or the 
ionophores A 231 87 and X 537A. J. 
Cell BioL 62:519-26 

40. Foreman, J. C. 1977. Spontaneous 
secretion of histamine from mast cells in 
the presence of strontium. J. PhysioL 
271:215-32 

4 1 .  Foreman, J. C., Mongar, J. L. 1 973. The 
interaction of calcium and strontium 
with phosphatidyl serine in the ana­
phylactic secretion of histamine. J. 
Physiol. 230:493-507 

42. Foreman, J. C., Hallett, M. B., Mongar, 
J. L. 1977. Movement of strontium into 
mast cells and its relationship to the 
secretory response. J. PhysioL 
271:233-51 

43. Foreman, J. c., Garland, L. G. 1974. 
Desensitization in the process of hista­
mine secretion induced by antigen and 
dextran. J. Physiol. 239:381-91 

44. Lichtenstein, L. M. 1971. The immedi­
ate allergic response: In vitro separation 
of antigen-activation, decay and hista­
mine release. J. Immunol. 107:1122-30 

45. Baxter, J. H., Adamik, R. 1975. Control 
of histamine release: Effects of various 
conditions on rate of release and rate of 
cell desensitization. J. Immunol. 114: 
1034-41 

46. Michell, R. H. 1975. Inositol phos­
pholipids and cell surface receptor func­
tion. Biochem. Biophys. Acta 415:81-
1 47 

47. Michell, R. H., Jafferji, S. S., Jones, L. 
M. 1 976. Receptor occupancy dose­
response curve suggests that phosphati­
dyl inositol breakdown may be intrinsic 
to the mechanism of the muscarinic 
cholinergic receptor. FEBS Lett. 69: 1-5 

48. Cockroft, S., Gomperts, B. D. 1979. Ev­
idence for a role of phosphatidyl inositol 
turnover in stimulus-secretion coupling. 
Biochem. J. 178:681 -87 

49. Kennerly, D. A., Sullivan, T. J., Parker, 
C. W. 1979. Activation of phospholipid 
metabolism during mediator release 
from stimulated rat mast cells. J. Im­
munoL 1 22:152-59 

50. Strandberg, K., Sydbom, A., Uvniis, B. 
1975. Incorporation of choline, serine, 
ethanolamine and inositol into phos­
pholipids of isolated rat mast cells. Acta 
Physiol Scand. 94:54-62 

51. Kennerly, D. A., Sullivan, T. J., Sylw­
ester, P., Parker, C. W. 1979. Diacyl­
gycerol metabolism in mast cells: A po­
tential role in membrane fusion and ara­
chidonic acid release. J. Exp. Med. 
150:1039-44 

52. Hirata, F., Axelrod, J. 1978. Enzymatic 
methylation of phosphatidyl ethanola­
mine increases erythrocyte membrane 
fluidity. Nature 275:219-20 

53. Hirata, F., Axelrod, J., Crews, F. T. 
1979. Concanacalin A stimulates phos­
pholipid methylation and phosphatidyl 
serine decarboxylation in rat mast cells. 
Proc. Natl. Acad. Sci. USA 76:4813-16 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



80 FOREMAN 

54. Ishizaka, T., Hirata, F., Ishizaka, K., 
Axelrod, J. 1980. Stimulation of phos· 
pholipid methylation, Ca2+ influx and 
histamine release by bridging of IgE 
receptors on rat mast cells. Proc. Natl. 
Acad. Sci. USA 77:1903-6 

55. Bach, M. K. 1974. A molecular theory 
to explain the mechanisms of allergic 
histamine release. /. Theor. Bioi. 45: 
131-51 

56. Jakschik, B. A., Falkenhein, S., Parker, 
C. W. 1977. Precursor role of arachi· 
donic acid in release of slow reacting 
substance from rat basophilic leukemia 
cells. hoc. Nat! Acad. Sci. USA 
74:4577-81 

57. Orning, L., Hammarstrom, S., Samuel· 
sson, B. 1980. Leukotriene D: A slow 
reacting substance from rat basophilic 
leukemic cells. Pmc. Natl. Acad. Sci. 
USA 77:2014 

58. Morris, H. R., Taylor, G. W., Piper, P. 
J., Tippins, J. R. 1980. Structure of 
slow· reacting substance of anaphylaxis 
from guinea·pig lung. Nature 285 : 
104---6 

59. Augstein, A., Farmer, J. F., Lee, T. B., 
Sheard, P., Tattersall, M. L. 1973. Se· 
lective inhibitor of slow reacting sub· 
stance of anaphylaxis. Nature New Bioi. 
245:215-17 

60. Nom, S. 1965. Influence of anti· 
rheumatic agents on the release of hista· 
mine from rat peritoneal mast cells after 
an antigen·antibody reaction. Acta 
Pharmacol Toxicol. 22:369-78 

61. Northover, B. J. 1977. Indomethacin­
a calcium antagonist. Gen. Pharmacol. 
8:293-96 

62. Champion, G. D., Day, R. 0., Ray, J. 
E., Wade, D. M. 1977. The effect of 
non·steroidal antiinflammatory drugs 
on adenosine triphosphate content and 
histamine release from rat peritoneal 
cell suspensions rich in mast cells. Br. /. 
Pharmacol. 59:29-33 

63. Sullivan, T. J., Parker, C. W. 1979. Pos· 
sible role of arachidonic acid and its 
metabolites in mediator release from rat 
mast cells. /. Immunol. 122:431-36 

64. Marone, G., Sobotka, A. K., Lichten· 
stein, L. M. 1979. Effects of arachidonic 
acid and its metabolites on antigen· 
induced histamine release from human 
basophils in vitro. J. Immunol. 123: 
1 669-77 

65. Lichtenstein, L. M., Gillespie, E., 
Bourne, H. R., Henney, C. S. 1972. The 
effects of a series of prostaglandins on in 
vitro models of the allergic response and 
cellular immunity. Prostaglandins 
2:519-28 

66. Schild, H. O. 1936. Histamine release 
and anaphylactic shock in isolated 
lungs of guinea·pigs. Q. J. Exp. Physiol. 
26:165-79 

67. Lichtenstein, L. M., Margolis, S. 1968. 
Histamine release in vitro: Inhibition by 
catecholamines and methylxanthines. 
Science 1 6 1 :902-3 

68. Assem, E. S. K., Schild, H. O. 1971. 
Antagonism by fJ adrenoceptor block· 
ing agents of the antianaphylactic effect 
of isoprenaline. Br. J. Pharmacol. 
42:620 

69. Lichtenstein, L. M., De Bernardo, R. 
197 1 .  The immediate allergic response: 
In vitro action of cyclic AMP·active 
and other drugs on the two stages of 
histamine release. J. Immunol. 
107:1131-36 

70. Johnson, A. R., Moran, N. C. 1970. In· 
hibition of the release of histamine from 
rat mast cells: The effect of cold and 
adrenergic drugs on release of histamine 
by compound 48/80, and antigen. /. 
Pharmacol. Exp. Ther. 1 75:632-40 

71. De Oliveira, M. P., Rothschild, A. M. 
1968. Effects of catecholamines on rat 
mesentery mast cells. Nature 218: 
382-84 

72. Lichtenstein, L. M., Henney, C. S., 
Bourne, H. R., Greenough, W. B. 1973. 
Effects of cholera toxin on in vitro mod· 
els of immediate and delayed hypersen· 
sitivity. Further evidence for the role of 
cyclic adenosine 3'5' monophosphate. J. 
Clin. Invest. 52:691-97. 

73. Eckstein, F., Foreman, J. C. 1978. Ac· 
tions of adenosine· and guanosine 3'5'· 
cyclic phosphorothioates on histamine 
secretions. FEBS Lett. 9 1 :  182-85 

74. Koopman, W. J., Orange, R. P., Aus· 
ten, K. F. 1970. Modulation of the IgE 
mediated release of SRS·A by agents 
influencing the level of cyclic 3'5' AMP. 
/. Immunol. 105: 1096-1102 

75. Marquardt, D. L., Parker, C. W., Sulli· 
van, T. J. 1 978. Potentiation of mast cell 
mediator release by adenosine. /. 1m· 
muno!. 1 20:871-78 

76. Welton, A. F., Simko, B. A. 1980. Reg· 
ulatory role of adenosine in antigen· 
induced histamine release from the lung 
tissue of actively sensitized guinea·pigs. 
Biochem. Pharmacol. 29:1085-92 

77. Fredholm, B. B., Sydbom, A. 1980. Are 
the anti·allergic actions of theophylline 
due to antagonism at the adenosine 
receptor. Agents Actions 10:145-47 

78. Marone, G., Findlay, S. R., Lichten· 
stein, L. M. 1979. Adenosine receptor 
on human basophils: Modulation of his· 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.



IMMEDIATE HYPERSENSITIVITY 8 1  

tamine release. J. ImmunoL 123: 
1473-77 

79. Kaliner, M., Austen, K. F. 1974. Cyclic 
AMP, ATP and reversed anaphylactic 
histamine release from rat mast cells. J. 
Immunol. 1 12:664-74 

80. Sullivan, T. 1., Parker, K. L., Eisen, S. 
A., Parker, C. W. 1975. Modulation of 
cyclic AMP in purified rat mast cells II. 
Studies on the relationship between in­
tracellular cyclic AMP concentration 
and histamine release. J. Immunol. 
1 14: 1480-85 

8 1 .  Holgate, S. T., Lewis, R. A., Austen, K. 
F. 1980. 3'5'-Cyclic adenosine mono­
phosphate-dependent protein kinase of 
the rat serosal mast cell and its im­
munologic activation. J. Immunol. 
124:2093-99 

82. Sieghart, W., Theoharides, T. C., Doug­
Las, W. W., Greengard, P. 1978. Calci­
um-dependent protein phosphorylation 
during secretion by exocytosis in the 
mast cell. Nature 275:329-3 1 

83. Foreman, J. C., Mongar, J. L., Gom­
perts, B. D., Garland, L. G. 1975. A 
possible role for cyclic AMP in the reg­
ulation of histamine secretion and the 
action of cromoglycate. Biochem. Phar­
macol. 24:538-40 

84. Pearce, F. L., Truneh, A. 1981 .  Inhibi­
tion of histamine release from rat 
peritoneal mast cells with the ionophore 

A 23187. Implications for the mode of 
action of anti-allergic compounds. 
Agents Actions. In press 

85. Foreman, J. C., Lichtenstein, L. M. 
1979. Spontaneous histamine secretion 
in vitro from human basophils in the 
presence of strontium. J. Pharmacol 
Exp. Ther. 210:75-81 

86. Foreman, J. C., Sobotka, A. K., Lich­
tenstein, L. M. 1980. Modulation of the 
rate of histamine release from basophils 
by cyclic AMP. Eur. J. Pharmacol. 
63:314-46 

87. Kaliner, M., Orange, R. P., Austen, K. 
F. 1972. Immunological release ofhista­
mine and slow reacting substance of 
anaphylaxis from human lung. IV. En­
hancement by cholinergic and alpha 
adrenergic stimulation. J. Exp. Med. 
1 36:556--67 

88. Fantozzi, R., Masini, E., Blandina, P., 
Mannaioni, P. F., Bani-Sacchi, T. 1 978. 
Release of histamine from rat mast cells 
by acetylcholine. Nature 273:473-74 

89. Blandina, P., Fantozzi, R., Mannaioni, 
P. F., Masini, E. 1980. Characteristics 
of histamine release evoked by acetyl­
choline in isolated rat mast cells. J. 
Physiol. 301 :281-93 

90. Samuelsson, B. 1981.  Oxidative prod­
ucts of arachidonate: Leukotrienes, a 
new group of compounds including 
SRS-A. See Ref. 16 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

1.
21

:6
3-

81
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

en
tr

al
 C

ol
le

ge
 o

n 
12

/1
2/

11
. F

or
 p

er
so

na
l u

se
 o

nl
y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Pharmacology and Toxicology Online
	Most Downloaded Pharmacology and Toxicology Reviews
	Most Cited Pharmacology and Toxicology Reviews
	Annual Review of Pharmacology and Toxicology Errata
	View Current Editorial Committee


	ar: 
	logo: 



