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ABSTRACT

We have developed a method for the isolation of free mast cells from the colon and
stomach of the human gastrointestinal (GI) tract and have investigated the histological
and functional characteristics of these cells.

In addition, we have compared the

properties of mast cells isolated from normal tissue and from areas of active
inflammation and have shown that the properties of the cells are altered in the disease
state. On this basis, we have considered the possible role of the mast cells in the
aetiology and pathogenesis of inflammatory bowel disease and gastroduodenal ulcer
formation.

In further studies, we investigated the effects of salicylates, H 2 ~receptor antagonists,
cytoprotectants and anti-inflammatory steroids on human colonic and gastric mast
cells.

Salicylates (sulphasalazine and its metabolites) had characteristic effects on

histamine release from these mast cells.

Sulphasalazine itself had no effect on

histamine release induced by optimal amounts of an immunological stimulant but
potentiated the secretion induced by suboptimal amounts of the antibody. In contrast
sulphapyridine had no effect on histamine release but the active metabolite, 5-ASA,
inhibited histamine release from all cell types. The action of this metabolite may then
partially explain the therapeutic utility of sulphasalazine.

A number of H 2 -receptor antagonists effectively inhibited histamine release from GI
mast cells, suggesting that these compounds may have an additional action in the
control of gastric acid secretion.

The cytoprotectant misoprostol also inhibited

histamine release, indicating that mast cell stabilization may contribute to therapeutic
effect of the drug on the GI tract.

The anti-inflammatory steroids betamethasone, hydrocortisone, methylprednisolone and
prednisolone produced effective, time-dependent inhibition of histamine release from
immunologically stimulated human GI mast cells. Such a response may account for
the beneficial effects of these compounds in inflammatory bowel disease.

We have developed a method for the isolation of enterochromaffin-like cells from the
gastiic mucosa of the rat and guinea-pig and have compared the properties of these
cells with those of human GI mast cells. Finally, we have examined in detail the
effects of acetylcholine and gastrin or pentagastrin, alone or in concert, on GI mast
cells.

A combination of the agonists was found to produce a marked release of

histamine from the human cells, thus suggesting a new role for these cells in the
control of gastric acid secretion.
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CHAPTER 1

Introduction
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1.1 Historical aspects

Mast cells are recognised contributors to a variety of immunopathological conditions.
They were first described as granular cells in the unstained mesentery of the frog by
Frederick Von Recklinghausen in 1863 [1], and later identified and named by Paul
Ehrlich in 1878 as Mastzellen (well-fed cells) due to their cytoplasm being loaded
with granular material which had metachromatic staining properties [2 ].

The potential involvement of these cells in inflammatory processes was first suggested
by Unna in 1894 who showed that cutaneous lesions of urticaria pigmentosa contained
a large number of mast cells [3]. Increasing awareness of the inflammatory role of
the cell began in the 1930’s when it was observed that the intraperitoneal injection of
various irritants in the rat induced an urticarial reaction that was associated with mast
cell degranulation [4]. The reaction appeared to mimic a phenomenon first described
by Fortier and Richet in 1902 [5], termed anaphylaxis. Further work was carried out
by both Schultz [6 ], and Dale and Laidlaw [7,8], who directly illustrated that
histamine was a mediator of the acute allergic or anaphylactic reaction.

The definitive link between anaphylaxis and mast cells came in 1938 when Wilander
reported that anaphylaxis in the dog was accompanied by damage to the mast cells in
the liver, and a concomitant release of heparin [9]. Later work on isolated perfused
dog livers indicated that both heparin and histamine were derived from this organ. It
was suggested that heparin and histamine formed a stable complex, present in mast
cell granules, which could be released as two entities when the cell degranulated
[10,11].

In the 1950’s Riley and West finally established a positive correlation

between the histamine content and mast cell counts in various tissue samples [12,13].
This work led to studies of histamine release from mast cells when stimulated with
immunological ligands. The elucidation of the responsible secreting factor was carried
out by the Ishizakas [14,15] in the 1960’s: the serum antibody was identified as a
unique class of immunoglobulin subsequently named immunoglobulin E (IgE), and
high affinity IgE receptors for these molecules were found to exist on the mast cell
surface [16,17].
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We now know that IgE-directed ligands, as well as a number of other stimuli, can
cause the rapid release of various mediators of inflammation from mast cells [18].

1.2 Origin and distribution of mast cells

Mast cells are distributed throughout the bodies of all vertebrate species. They are
found to be situated adjacent to blood and lymphatic vessels, near or within nerves
and beneath epithelial surfaces [19]. They are also found within close proximity of
areas that may come into frequent contact with foreign substances and environmental
antigens. Hence, they are abundantly placed in the respiratory and gastrointestinal
(GI) systems as well as the skin, ear and conjunctiva [20,21].

In some species, mast cells are found in the fibrous capsules of internal organs and
in physiological transudates such as the peritoneal cavity [22]. Mast cells may also
be present as minor components of the bone marrow and lymphoid tissues [2 1 ].

Mast cells have the capacity to migrate and to proliferate and have been increasingly
implicated in a wide variety of diseases.

These conditions include chronic

inflammation, cell-mediated immunological disorders, such as contact allergy, and
neoplastic events of non-mast cell origin [21,23].

Disorders in which mast cells have been specifically implicated, such as urticaria
pigmentosa and systemic mastocytosis, are characterized by extraordinary increases
in the number of these cells in human tissues [24]. Similar increases may also occur
in other conditions such as inflammatory bowel disease (IBD) [23,25], although the
role of the cell is less clearly defined. In general, the precise role of the mast cell in
both health and disease remains to be fully elucidated.

The knowledge of structure frequently precedes knowledge of function, and is
essential for the understanding of structure-function relationships.

The structural

characteristics of mast cells have now been well documented. They are ovoid shaped
cells (length 10-30

|L im )

containing an abundance of dense cytoplasmic granules.
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These granules stain metachromatically using a variety of dyes and have an average
diameter of around 0.2 to 0.4 p.m [26-29].

In human tissue mast cells, a monolobed nucleus is present. The surface architecture
is composed of narrow elongated folds, cytoplasmic granules and the absence of
cytoplasmic glycogen aggregates.

The cytoplasm also contains mitochondria, free

ribosomes, intermediate filaments and lipid bodies.

The Golgi areas are small in

mature cells and membrane bound ribosomes are rare in both mature and immature
cells [30].

Mature mast cell granules are smaller, more variable in shape, more

numerous and generally contain more complex substructural patterns such as scrolls,
crystals, particles or a mixture of the three [21,31].

Certain generalizations regarding mast cells and their granule types can be made
according to their locations in the various tissues. For example, human skin mast cells
more commonly contain granules of the crystal type [32]. By contrast, human lung
mast cells more commonly display scroll granules [21,31], while mast cells of the
human GI tract have more particle granules than in other locations [21,33]. However,
al] granule types can be found in mast cells of all sites.

Hence, there is no

ultrastructural evidence to support separate morphological mast cell subsets in humans,
and mast cell morphology varies considerably from site to site dependent on function,
activation and maturation.

1.3 Mast cell activation

Following mast cell activation by immunological and non-immunological ligands, the
panoply of mediators generated and released, and their potential interactions, provides
the basis for the induction of inflammation.
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1.3.1 Immunological activation

In the event of immunological activation, the recognition of antigen by specific IgE
antibodies is necessary.

Antigen interacts with B-lymphocytes to stimulate the differentiation into IgE antibody
secreting plasma cells and a population of B-memory cells. These antigens are unique
as they lead to selective production of IgE. The production of IgE may be regulated
as the antigen interacts with T-lymphocytes to produce suppressor T-cells which
inhibit the production of IgE or give rise to helper T-cells which augment the process
[34,35].

IgE secreted into the circulation binds to the high affinity IgE receptors (FceRI) on
the mast cells through its Fee region leaving free the recognition site (Fab) for the
antigen.

The cell is then sensitized and successive exposure to the same allergen

results in cross-linking of adjacent IgE molecules, cellular degranulation and the
release of factors responsible for allergic symptoms.

That cross-linking of IgE

molecules and the polymerization of receptors may cause mast cell activation is
supported by a plethora of evidence [35-38].

In particular, mediator release may be caused by incubation of cells with chemically
dimerised IgE [39], anti-IgE (IgG antibody directed against the Fee heavy chains of
IgE) [40], concanavalin A (a lectin which cross links IgE by binding to sugar moieties
in the Fee region) [41] and anti-receptor antibody (IgG antibody prepared against
purified Fee receptors) [42] [Fig 1.1 and 1.2].

FceRI is a tetrameric complex of a ,

6

Complementary DNA (cDNA) for the a ,

and 2y identical disulphide-linked subunits.
6

and y subunits has now been isolated from

the rat, mouse and human. The amino acid sequence of each of the subunits was
deduced from their respective cDNA sequences.

The receptor contains ca 13 %

carbohydrate with the three subunits having an overall relative molecular mass of
87,000 ( a 45,000,

6

33,000, y 9,000). The subunits may be further subdivided into
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a l , a l, 81, 82 and two y chains which are identical [35,43].

The IgE binds to the a subunit of the receptor, which is on the surface of the cell,
while the p and y subunits are partially embedded in the cell membrane [35,43].
Autoradiographic and radioassay studies using IgE binding have demonstrated that the
mast cell possesses approximately 10^ IgE receptors [44].

The IgE receptor is an attractive target for therapeutic intervention because of its
restricted pattern of cell distribution. FceRI is found in large numbers only on the
surface of mast cells and basophils.

Therefore, interfering specifically with its

function should not influence other cells and produce undesirable side-effects. Several
possible strategies exist including interfering with the function of binding, the function
of signal transduction or the surface expression of the receptor.

1.3.2 Non-immunological activation

Activation of mast cells and the release of bioactive mediators may also be achieved
by IgE-independent mechanisms. The secretion caused in this way may be categorised
as selective and non-selective.

The non-selective agents are cytotoxic agents such as Triton X-100 and Tween-20.
They are known to damage the mast cell membrane, releasing all intracellular contents
in a process that does require metabolic energy [45,46].

The selective liberators are non-cytotoxic entities, releasing bioactive agents without
loss of characteristic cytoplasmic markers. These liberators include polybasic ligands
such as compound 48/80, substance P and poly lysine [46-48], the calcium ionophores
ionomycin and A23187 [49,50], sodium ortho vanadate [51], adenosine triphosphate
(ATP) [52,53], anaphylatoxins C3a, C4a and C5a [54] and a variety of other
compounds and miscellaneous organic molecules [45].
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Mast cell degranulation may also be evoked by a family of cytokines initially
recognised in 1969 and identified as lymphokines [55]. They are released from a
range of cell types such as T-lymphocytes and provide alternative physiological
mechanisms for mast cell activation [56]. They are large polypeptides, proteins or
glycoproteins (relative molecular mass 75,000), known to act both locally or at a
distance when released into blood. Two examples are tumour necrosis factor alpha
(TNF-a) and stem cell factor, which release histamine from skin mast cells and rat
connective tissue mast cells, respectively [57,58].

1.3.3 Ultrastructural changes during mast cell activation

The ultimate aim of mast cell activation is the release of chemical mediators into the
external milieu. This is generally achieved by the fusion of the granular membrane
with the membrane surrounding the whole cell.

This process is an example of a

phenomenon known as exocytosis.

The sequence of events leading to exocytosis may be dissimilar for different mast cell
types. In the rat peritoneal mast cell (RPMC), initial ultrastructural changes involve
those granules situated immediately below the cell membrane. These granules become
swollen in appearance and the granular membrane fuses with the cellular membrane.
Following this initial contact, many intergranular fusions are formed which spread
towards the interior of the cell and open up extensive labyrinthic cavities within the
cell which can communicate with the extracellular medium through multiple openings.
As granules are discharged, histamine and other ionically-bound molecules are then
released, possibly through a simple exchange process with external sodium ions [5961].

The mechanism of human mast cell degranulation has been shown to differ somewhat
from its rat counterpart. In human lung mast cells, the fusions between individual
granules result in the formation of many degranulation channels. As these channels
expand, granule contents begin to leave the cell via multiple openings produced by the
fusions of degranulation channels with the cell membrane. However, unlike RPMC,

23
no apparent extracellular expulsion of granules is observed [62-64]. Recovery of mast
cells can be divided into two stages, with the whole process taking up to 48 h. The
early recovery phase involves resealing of degranulation openings and the shrinking
of these openings and degranulation channels. The late phase involves blast formation
characterized by nuclear enlargement and the appearance of nucleoli. This is then
closely followed by the synthesis of new granules [65-67].

1.4 Mast cell mediators

The large, characteristic granules of mast cells contain a range of biogenic substances
including histamine, neutrophil and eosinophil chemotactic factors (NCF and ECF),
heparin, or related glycosaminoglycans, and hydrolytic enzymes. Activation of the
mast cell leads to a release of these granules and their associated preformed mediators
and also evokes the generation of further biologically active materials, principally
prostaglandins (PG), leukotrienes (LTs), cytokines, thromboxanes (TXs) and platelet
activating factor (FAF) [68-71] [Fig 1.3].

1.4.1 Preformed mediators

This class of anaphylactic mediators is stored in association with the mast cell
granules. They are released following mast cell activation and have potent vasoactive,
spasmogenic, hydrolytic and chemotactic properties. The mast cell granule consists
of a complex between heparin, or a related molecule, and cationic polypeptides.
Mediators, such as histamine, are electrostatically bound to this matrix and released
to the external environment via an ionic exchange mechanism [59-61]. The granular
content of mast cells depends upon the species from which the cell originates.

The largest percentage content of the granules are the proteoglycans, specifically
heparin and chondroitin sulphate.

They are known to have two possible areas of

influence, stabilization of the granular matrix and a potential anti-inflammatory role
[72-74].
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1.4.1.1 Histamine

Histamine or 6 -imidazolethylamine was identified by two independent groups, and was
both extracted from a biological source and synthesized chemically.

The first

recognition of this amine was by Kutshcer and its chemical preparation was carried
out by Windous and Vogt [75,76],

The biological activity of the compound was extensively studied by Dale and Laidlaw
[7,8], After the initial isolation of histamine from tissues by Abel and Kubota [77],
it has become known that every mammalian tissue contains histamine, the amine being
particularly

abundant in the skin, lung, kidney and GI tract.

The major cellular

sources of histamine are the mast cell and the basophil leukocyte. Other prospective
sources are enterochromaffin cells (ECL cells) in the GI tract and histaminergic nerves
in the central nervous system (CNS) and the periphery [78,79],

Histamine is

generated in these tissues by decarboxylation of histidine and it is metabolized by the
enzymes N-methyltransferase and diamine oxidase [79],

Histamine affects three defined receptor subtypes termed H^, H 2 and H 3 [80-82], H,receptors are coupled to inositol phosphate turnover and mediate bronchial, ileal and
uterine smooth muscle contraction in most species including man. Histamine induces
vasodilation and increases vascular permeability via both H,- and H 2 -receptors; these
functions are important in the local cutaneous wheal and flare response, in urticaria,
and in production of symptoms of anaphylaxis such as hypotension [79,83,84],

H 2 -receptors are found in the GI tract, rat uterus and the heart. The stimulation of this
receptor subtype is coupled to adenylate cyclase activation and produces a plethora of
pharmacological responses, including gastric acid secretion from parietal cells [79,81],

Hg-receptors exist on histaminergic nerve endings in brain tissue, and probably also
in the periphery, and control the synthesis and release of histamine. These receptors
may have modulating roles in sleep and vigilance [79,82,85-87],
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Histamine has various effects on the immune system: it decreases histamine release
from human basophils by a H 2 ~receptor action, affects lymphocyte activity, Tlymphocyte cytotoxicity, B-cell antibody production, lymphocyte proliferation and Tcell cytokine production, enhances natural killer cell cytotoxicity, and is chemotactic
for neutrophils [79].

1.4.1.2 Serotonin

Serotonin, or 5-hydroxytryptamine (5-HT), is found in the rodent intestinal mucosa
and in rodent mast cell granules [8 8 ]. 5-HT is synthesized from the amino acid Ltryptophan by hydroxylation of the indole ring followed by the decarboxylation of the
amino acid. Hydroxylation of the ring is the rate-limiting step and can be blocked by
p-chlorophenylalanine [89]. After synthesis, the free amine is stored or is rapidly
metabolized by the enzyme monoamine oxidase.

In humans, over 90 % of the

serotonin in the body is located in the enterochromaffin cells of the GI tract. In the
blood, serotonin is found in platelets, which concentrate the amine by means of an
active uptake mechanism [90,91]. Serotonin is also found in the raphe nuclei cell
bodies of the brain stem, which contain cell bodies of tryptaminergic neurons that
synthesize, store, and release serotonin as a transmitter [92,93].

Serotonin can produce bronchoconstriction, vasoconstriction and microvascular leakage
in rodents as well as having a possible functional role in enterochromaffin cells, which
is unclear [91]. These cells synthesize serotonin, store the amine in a complex with
ATP and with other substances in granules, and release it in response to mechanical
and neuronal stimuli.

Some of the released serotonin is taken up and stored in

platelets. Serotonin is stored alongside histamine in the granular proteoglycan matrix
of mast cells [93].

However, studies using tri-cyclic anti-depressant drugs and

alkylamines have shown that the two amines can be released differentially upon mast
cell activation, although studies have suggested that this effect is due to differential
re-uptake of the amines [94,95].
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1.4.1.3 Neutral proteases

Mast cell granules contain two classes of proteases, namely tryptase and chymase.
These enzymes have been used as effective markers in studies of mast cell origin and
ontogeny [96]. They have also been used to study mast cell activation, as they are
mast cell specific and the major proteins of the granular matrix [79,97].

Tryptase is a tetrameric serine endoprotease with catalytic sites on each of the subunits
[98], whilst chymase is monomeric [99,100]. Both proteases may produce localized
connective tissue degradation at sites of chronic allergic inflammation. Thus, neutral
proteases may be involved in the pathogenesis of rheumatoid arthritis.

However,

direct evidence for this role is at the moment lacking [79,97].

In addition, tryptase has been shown to cleave the complement cascade component C3
to form the anaphylatoxin and spasmogen C3a [101]. The same protease can under,
certain conditions, also act on low molecular weight kininogen to generate bradykinin,
a well known potent inflammatory mediator [79,103,104]. Mast cell chymase has also
been shown in vitro to produce a biologically active interleukin from its precursor
[102]. These results show tryptase and chymase to have a possible role in governing
cytokine activity.

1.4.1.4 Chemotactic factors

Activated mast cells from the human or rodent have the ability to secrete materials
which may be chemotactic for eosinophils and neutrophils [79,105,106].

The

eosinophil chemotactic factor of anaphylaxis (ECFA) comprises a family of
oligopeptides of relative molecular mass 300 - 5,000 [79]. In contrast, neutrophil
chemotactic factor of anaphylaxis (NCFA) is a much larger protein of relative
molecular mass 600,000 - 750,000 [106]. The release of both factors results in the
activation of secondary inflammatory cells which is a characteristic of the late phase
reaction.
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1.4.2 Newly generated mediators

This class of mediators is synthesized de novo, following mast cell activation. The
two most prominent classes of mediators are arachidonic acid (AA) metabolites
(eicosanoids) and cytokines.

AA is a derivative of dietary linoleic acid and is located in the membrane
phospholipids of inflammatory cells. The mobilization of AA arises when mast cell
activation stimulates membrane phospholipase A 2 (PLA 2 ), this being the rate limiting
step in AA metabolism.

1.4.2.1 Arachidonic acid metabolites

AA metabolites consist of PGs, LTs and TXs.

They result from two differing

pathways, cyclo-oxygenase and lipoxygenase. The enzyme cyclo-oxygenase converts
A A into the intermediate 11-hydroperoxyeicosatetraenoic acid (11-HPETE) and then
sequentially into the cyclic endoperoxides PGG 2 and PGH 2 . The PGH 2 is further
metabolized to form TXA 2 and TXB 2 and the biologically active PGD 2 , PGE 2 , PGF 2
and PGI 2 [107].

Different eicosanoids show marked quantitative and qualitative

differences in their respective properties [107,109]. Prostaglandins of the E and F
series are known to have potent actions on smooth muscle of the GI, vascular and
reproductive systems [109].

PGE 2 and PGF 2 both contract longitudinal intestinal

muscle in vitro, but while PGF 2 also contracts circular muscle, PGE 2 usually relaxes
it. Also, PGE 2 is a vasodilator but PGF 2 has little effect on the vasculature. PGI 2 is
a vasodilator and inhibits platelet aggregation, while TXA 2 is a vasoconstrictor and is
proaggregatory. A property of particular interest is the inhibitory effect on gastric acid
secretion which is specific to PGs of the E series and also PGI2 [110]. This effect is
a regulatory mechanism which is suppressed in the presence of aspirin and other non
steroidal anti-inflammatory drugs which inhibit cyclo-oxygenase. These compounds
are also known to have a harmful effect on the mucosal lining of the GI tract.
Administering PGs and prostacyclin leads to protective effects against these mucosal
damaging agents. This raises the problem that a lack of PG production or a change
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in the relative amounts of the different eicosanoids may disturb the balance between
damaging and defending factors on which mucosal integrity depends.

The second enzyme, 5-lipoxygenase, results in the production of the LTs.

AA is

oxidized, with the activity of lipoxygenase enzymes as the rate controlling factors,
to 5-hydroperoxyeicosatetraenoic acid (5-HPETE) which is reduced by glutathiolperoxidase to the corresponding hydroxy acids (5-HETES) or the unstable peroxide
LTA 4 [107,108].

LTA4 has many possible routes of metabolism. It can be hydrolysed to 5(S), 12(R)-

dihydroxy-6 , 14-cis-8, 10 trans eicosatetraenoic acid (LTB4) under the influence of a
soluble hydrolase, whilst in a non-enzyme environment it is hydrolysed to the 5, 12and 5,

6

-dihydroxy acids. The addition of the tripeptide glutathione by a specific

glutathione S-transferase produces 5(S) hydroxy-6(R)-S-glutathionyl-7,9, trans-11,14,
cis-eicosatetraenoic acid (LTC4).

LTC4 may be metabolized successively with the

removal of glutamic acid by y-glutamyl transpeptidase to give LTD4 and the removal
of glycine by cysteinyl glycinase giving LTD4. These final three leukotrienes (LTC4,
LTD4 and LTE4) were first described as slow reacting substances of anaphylaxis (SRS-

A) about fifty years ago [111-113].

LTs are very potent vasoactive and spasmogenic substances, and are more potent than
histamine in inducing human bronchial smooth muscle constriction [115]. LTB 4 , LTC 4
and LTD 4 have profound effects on a wide variety of tissues, principally on cells of
the immune system and on smooth muscle and these effects are mediated via specific
membrane receptors [115]. The smooth muscle effects include the respiratory and
cardiovascular systems and the GI tract [107,108,114,115].

LTB 4 , which induces adhesion of neutrophils to the endothelium, is also a potent
chemotactic and cytokinetic compound [114,116]. In addition, LTB 4 , LTC 4 , and LTD 4
appear to play roles in interferon (IFN) production [117].
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L T Q , LTD4, and LTE4 are potent smooth muscle contractors that produce prolonged
contraction of smooth muscle from pulmonary, reproductive, vascular and GI tissues
[107,108,115]. In addition, they induce mucus secretion and bronchoconstriction in
a variety of species [115].

In the heart, LTs exert a negative inotropic effect that is species dependent, and may
have a direct or indirect effect on calcium influx [118].

Many of the effects of LTs are cell specific, thus LTB 4 has potent chemotactic activity
for eosinophils, monocytes and neutrophils. Also, human eosinophils and neutrophils
synthesize large amounts of LTB 4 and LTC 4 respectively. This selectivity originates
from receptor specificity as LTs and also PGs are known to produce their effects
through defined receptors. These receptors have been classified on the basis of second
messenger systems, radioligand binding studies, purification and biophysical properties
[110,119-121] [Fig 1.4].

1.4.2.2 Cytokines

The cytokines are a series of immuno-regulatory proteins of low molecular weight (<
80,000). They play numerous interacting roles in the function of the immune system.
In most cases, cytokines mediate their effects via cell surface receptors on relevant
target cells and appear to act in a manner similar to that of hormones. In other cases
cytokines may have anti-proliferative or anti-microbial effects upon foreign cells. The
first group of cytokines discovered were the interferons, followed by the colony
stimulating factors (CSFs), which regulate the proliferation and differentiation of bone
marrow progenitor cells. Most of the more recently discovered cytokines have been
classified as interleukins (ILs) and numbered in the order of their discovery [122].

Mast cells have been shown to release cytokines and contain cytokine messenger
ribonucleic acid (mRNA) [122-124]. The stimulation of rodent mast cell lines has
been shown to cause an increase in mRNA for a number of cytokines [125,126]. ILs3,4 and 10 have also been shown to affect mast cell growth and maturation [124,127].
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This work has now been extended to human tissue mast cells, showing that both lung
and skin mast cells release TNF cx/p on immunological stimulation [128,129]. This
accumulation of data is beginning to give the mast cell more prominence in the
modulation of inflammatory processes in the late phase reaction, as cytokine release
has been observed in association with mast cell activation during agonist induced
asthma, cold-induced urticaria, or allergic rhinitis [104,130,131]. It has recently been
demonstrated that mast cell lines and skin mast cells produce IL- 8 . In stimulated skin
mast cells, immunoreactive material was positioned along cytoplasmic granules and
membranes, while no preformed IL - 8 was found in unstimulated cells [132].

In conclusion, mast cell lines and freshly isolated mast cells all have the capacity to
produce lymphokines and cytokines. The cytokines produced by these cells include
IL-3, EL-4, IL-5, IL-6 , EL-8 , granulocyte-macrophage colony stimulating factor (GMCSF) and TN F-a, all of which could have very important roles in the regulation of
inflammatory responses.

It is particularly striking that these cytokines all have

potential roles in immunologically important responses, most notably in orchestrating
the events associated with allergic inflammation.

1.5 Mast cell biochemistry

The principle event which initiates the secretory response in the mast cell is an
increase in the concentration of calcium ions in the cell cytosol.

Calcium is a

secondary messenger which allows the coupling of receptor activation to the
consequential cellular response [35], a process which is known as stimulus-secretion
coupling.

There is a 10,000 fold difference in Ca^"^ ion concentration from the

extracellular environment (ImM ) to the intracellular environment (O.ljxM).

This

concentration gradient is maintained by the action of efficient Ca^"^ transport
mechanisms including a Ca^^- ATPase and a Na'^- Ca^^ antiporter [133].

The relationship between mediators released from the mast cell and calcium ion
concentration was first suggested in 1958 by the work of Mongar and Schild [134].
This work was consolidated by Lichtenstein and Osier in 1964 [135], who showed that
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optimal antigen induced release was calcium dependent.

Definitive evidence for the key role of calcium in mast cell activation was obtained
in 1973 by Kanno and Douglas [136], with the microinjection of the divalent cation
into rat mesenteric mast cells. This procedure caused a cellular degranulation which
was not reproducible with other divalent or monovalent ions.

Calcium may be

additionally introduced into mast cells with consequent degranulation, by means of the
ionophores A23187, ionomycin and chlortetracycline [49,50,138,139].

Histamine secretion may also be induced by incubation of mast cells with
phospholipid vesicles containing calcium, but not magnesium or potassium ions [140].
Such vesicles act by fusing with the membranes of target cells and thereby release
their contents into the cytosol. The effect is dependent on the concentration and the
area of fusion.

The work that has been done clearly demonstrates the relevance of calcium ion
mobilization, specifically an increase in cytosolic calcium, as a necessary stimulus for
mast cell secretion.

1.6 Calcium pools involved in mast cell secretion

Three specific calcium pools may be involved in mast cell activation, namely
extracellular, cytosolic and cell membrane bound calcium.

Extracellular calcium is only allowed to enter the cell cytosol rapidly during the
process of stimulation.

When the mast cell is activated, a transient increase in

membrane permeability occurs, possibly through the opening of calcium gates or
channels in the bilayer [137,141]. The influx of the ion from the external environment
then initiates the release of mast cell mediators. This theory was originally suggested
in 1977 by Foreman et al [142] who reported that the stimulation of RPMCs produced
an uptake of radio-isotopic calcium from the external medium.

The time course,

magnitude and effect of pH on the uptake correlated with the degree of histamine
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secretion.

This work was later consolidated through studies using the fluorescent

probe quin- 2 , which directly demonstrated an increase in cytosolic calcium ions
following mast cell activation with IgE-directed ligands [143,144].

The internalization of calcium by the mechanism described above was further tested
using rat mast cells. The cells were incubated in a medium containing calcium and
then diluted into a medium free of the divalent cation where they were challenged
with test secretagogues. There was a progressive decrease of histamine release as the
time between dilution and challenge was increased [145,146]. These studies were
expanded by using kinetically slower secretagogues, such as IgE-specific ligands and
suboptimal concentrations of A23187. This allowed dissociation of the ion from the
membrane, upon dilution, to proceed more rapidly than the ability of the secretagogue
to mobilize the calcium. Under these conditions, there was an immediate decrease in
histamine release upon transfer of the cells into calcium-free solution, followed by a
progressive decay.

In keeping with the idea of calcium internalization, histamine secretion from the mast
cell is inhibited by lanthanum and other ions of the lanthanide series.

Due to

lanthanum having a similar ionic radius to calcium, but being trivalent, the former
binds with a greater affinity and blocks the subsequent movement of calcium across
cell membranes. This inhibitory effect of lanthanum has been shown with various
secretagogues [137,147].

The presence of extracellular calcium is an important factor in histamine release, but
it is not the only calcium reservoir that may be mobilized. In addition, there seems
to be a reservoir of calcium within the cell membrane, attached to the inner surface
of the membrane, or situated within the endoplasmic reticulum or mitochondria. This
has been demonstrated by a number of studies in which many test secretagogues
induce an elevation of intracellular Ca^^, and the concomitant release of a considerable
amount of histamine, in the absence of the added calcium [48,148,149].
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This effect is most pronounced in the case of polybasic stimuli such as compound
48/80, peptide 401, poly lysine and polymyxin, but is apparent for all agonists with the
exception of the polysacharide dextran and the ionophore chlortetracycline
[48,148,149]. A brief preincubation of mast cells with ethylenediaminetetracetic acid
(EDTA) leads to an increase in secretion when the cells are challenged by the former
stimulants [48,148,149]. This is thought to be due to the removal of calcium ions
from regulatory sites in the cell membrane, causing structural destabilization and thus
amplifying the release of calcium stores into the cytosol. However, when the presence
of the chelating agent is extended, these calcium stores are depleted and the cells
become unresponsive to the secretagogues [48,148-150].

A similar effect of decreased secretion is also seen when cells are challenged in the
presence of high concentrations of extracellular calcium. In this case the regulatory
sites are saturated, resulting in cell membrane stabilization [48,148-150].

1.7 Calcium and calmodulin

Although calcium is recognised to be an essential second messenger in the mast cell,
the exact mechanism by which it produces its effects is not known. It seems likely
however, that the ubiquitous calcium binding protein, calmodulin (CaM), is involved.

In 1970, two laboratories working independently on the purification of cyclic
nucleotide phosphodiesterase reported the existence of a protein factor that activated
the enzyme. This factor was found in several tissues and was named CaM. The name
originated from the suggestion that calcium was involved and also that the protein
served as a cellular modulating factor [151,152].

CaM is a calcium binding protein, found in all eukaryotic cells, that modulates the
intracellular activity of calcium ions. Calcium ions are known to regulate a wide
spectrum of basic cellular processes including endo- and exocytosis, metabolic
activities, muscle contraction, cell motility, chromosome movement and cell division.
In fact, the cation is involved in almost all aspects of cellular activities. The majority
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of these calcium ion regulated processes are mediated through a homologous class of
binding proteins, of which CaM appears to serve as a major example [153].

CaM is a heat stable, monomeric, globular protein of relative molecular mass 16,700
with four respective domains. In the majority of cases it contains 148 amino acids
with a high proportion of aspartate and glutamate residues. The abundance of these
acidic amino acids results in the protein having a low isoelectric point of 4.3. The
protein contains no cysteine, hydroxyproline, or tryptophan residues, but does contain
a trimethylated lysine at position 115. The lack of these specified amino acids allows
CaM to show several characteristic properties; thus the absence of cysteine and
hydroxyproline allows CaM to have flexible tertiary structure, a desirable feature for
a multifunctional protein that interacts with many different receptor proteins.

One

striking feature of CaM is its tenacity to retain biological activity after exposure to
harsh experimental conditions.

The second is that CaM, from a wide variety of

sources, possesses essentially identical physicochemical properties.

In fact, CaMs

isolated from mammalian tissues have identical tryptic peptide maps and essentially
identical amino acid sequences; thus, CaM lacks both tissue and species specificity
[153-155].

The role of CaM in cellular function is of such fundamental importance that any
mutation resulting in a change of the primary structure of the molecule may be lethal
to the cell. This idea is supported by evidence showing that the disruption or deletion
of the CaM gene in yeast results in recessive-lethal mutation, indicating that CaM is
essential for the growth of yeast [156].

The function of CaM is unique; it has no intrinsic enzymatic activities but has the
ability to regulate the activity of many enzymes and effector proteins, thereby
controlling the metabolism of calcium ions, cyclic nucleotides and glycogen. It also
affects the contractility and mobility of cells, cross-linking of proteins, and the
phosphorylation and dephosphorylation of various proteins which constitute a major
cellular regulatory mechanism [153-155].
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The mechanism by which CaM activates an enzyme has been extensively
characterized. In response to a stimulus, calcium flows into the cell or is released
from the cell-membrane or internal organelles and binds to CaM. The binding of
calcium causes CaM to assume a more helical structure, exposing a hydrophobic patch
that appears to interact with certain receptor enzymes to form an activated quaternary
complex. Kinetic evidence has suggested that binding of calcium proceeds to domains
III, IV and finally domains I and II, thus allowing CaM to form a complex with the
enzyme. The complex formation is reversible, and under physiological conditions its
direction is thought to be controlled by the cellular flux of calcium rather than the
cellular concentration of CaM. An increase of calcium favours the formation of the
active CaM enzyme complex and a decrease favours its dissociation, thus terminating
the calcium signal [153-155].

1.8 Events in mast cell activation

The stimulation of the mast cell and the concomitant release of cell mediators is a
common laboratory procedure used to determine and identify intracellular mechanisms.
These biological stimulants regulate cellular activity via cell surface, cytoplasmic and
nuclear membrane receptors. There are at least five principal pathways which allow
information to be communicated through the receptor-signal transduction systems: the
cyclic AMP- and GMP- dependent regulatory pathway, the IP^-calcium-diacylglycerolprotein kinase C (PKC) cascade, phospholipase A 2 (PLA 2 ) activation, tyrosine kinase
activity, and the modulation of the calcium channel.

These signal transduction

mechanisms are all integrated processes [157].

1.8.1 Cyclic AMP- and cyclic GMP- dependent regulatory pathway

It is now firmly established that the cyclic nucleotides adenosine 3’, 5 ’-cyclic
monophosphate (cAMP) and guanosine 3’, 5’-cyclic monophosphate (cGMP) are
involved in the modulation of biological responses in a number of cell types.

In

particular, cAMP may act as a second messenger in the regulation of calcium
homeostasis [158]. In an attempt to rationalize the diverse effect of cAMP, Berridge
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[158] has divided the possible control mechanisms into two main categories:
monodirectional and bidirectional. In monodirectional systems, cAMP acts to enhance
the secretion induced by calcium. The increased intracellular level of the nucleotide
is typically generated by a direct effect of the secretagogue on the adenylate cyclase
and activation of the cell is accompanied by an increased uptake of calcium and a rise
in the concentration of cAMP [158]. In bidirectional systems, cAMP is believed to
inhibit the calcium-induced response by activating membrane pumps (calcium
ATPases) which promote extrusion of the cation from the cytosol either into the
external environment or into intracellular stores [158].

Three types of mammalian particulate adenylate cyclases have been biochemically
distinguished and isolated from various tissues: a brain-specific, calmodulin-sensitive
form (type I), a calmodulin-insensitive form identified in brain and lung (type II), and
an olfactory-specific, calmodulin-activated cyclase [159].

Particulate adenylate

cyclases are regulated by G proteins, but the soluble form is independent of these
regulatory proteins [160]. The general structure of adenylate cyclase resembles those
of membrane channels, leading to the speculation that these transmembrane proteins
might have dual roles, as both enzymes and transporters [157].

Adenylate cyclase activity is regulated after receptor stimulation by a G protein which
has two subunits [Fig 1.5]. One of the regulatory subunits has a stimulatory effect
(Gs) on the formation of cAMP, while the other has an inhibitory effect (Gi) on this
process [161,162]. In the case of the former, the binding of a ligand to its receptor
exerts a stimulatory effect on the coupling reaction between the receptor cytoplasmic
domain and Gs, a heterotrimer composed of a , p and y subunits.

This coupling

process is followed by increased exchange of bound GDP for GTP on the G protein.
The excess of G-GTP protein complex allows the G a-G TP subunit to dissociate from
the p, y dimer. The G sa-GTP complex subsequently activates the catalytic subunit
of adenylate cyclase, while the inhibitory activity of G ia is weakened. The p, y dimer
of Gi is predominantly responsible for adenylate cyclase inhibition [163]. There exist
three different y subunits isoforms: y \ Ÿ

Ÿ ’ sach encoded by three distinct genes.

The a subunits can be grouped similarly, into four distinct classes [164,165]. The
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activity of the adenylate cyclase catalytic subunit remains unchanged as long as GTP
is not hydrolysed.

The intrinsic GTPase activity of the G protein terminates the

signal. Breakdown of GTP to GDP causes the formation of G a-GDP, restoration of
the a , p, Y trimer, and restitution of the basal level of adenylate cyclase. Cell surface
receptor activation and adenylate cyclase stimulation induce cAMP accumulation and
the subsequent activation of cAMP-dependent protein kinase A (PKA) [166]. In the
resting cell, PKA forms a heterotetramer which is catalytically inactive.

The

regulatory subunit (PKA-R) liberates two catalytic subunits (PKA-C) after cAMPbinding. Two PKA-C monomers are then capable of phosphorylating a large number
of cellular proteins, whereas PKA-R conserves its dimeric form. Mammalian tissues
contain two categories of PKA regulatory subunits: type I and type II.

Several

isoforms of each PKA-R have been cloned: PK A -RIa and PK A -RIIa are expressed
in most cells [167,168], while the expression of PKA-RIp and PKA-RIIp is more
tissue-dependent [169]. The activation and inhibition of PKA by histamine and its
antagonists mimic the functional characteristics and the pharmacological specificity
of H 2 -receptors [170]. Cyclic AMP is hydrolysed to adenosine monophosphate by
phosphodiesterase (PDE) enzymes, localized either in the cytosol or in the membrane.
Multiple forms of PDE with distinct properties are present in mammalian tissues;
among them is the PDE II isoenzyme family, which has cGMP-induced ability to
hydrolyse cAMP [171].

Guanylate cyclases exist both in cytosolic and particulate forms.

The membrane-

bound guanylate cyclase appears to span the membrane bilayer as a single polypeptide
chain, with an intracellular catalytic domain and an extracellular binding domain for
the series of atrial natriuretic peptides.

An endogenous activator of the intestinal

guanylate cyclase has been recently purified and named guanylin [157,172]. Guanylin
appears to act in a manner similar to the heat-stable enterotoxins and elevates cGMP
levels in the intestine and other tissues, through binding to the same extracellular
region of particulate guanylate cyclase. Different insoluble forms of guanylate cyclase
appear to predominate in the GI mucosa [173].

The cytosolic form of guanylate

cyclase is found in most mammalian tissues as a soluble heterodimer of two subunits
of relative molecular mass 70,000 and 92,000 containing catalytic-like domains which
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must interact with each other in order to generate the basal and stimulated guanylate
cyclase activity. The cyclase contains heme, which is thought to be the recognition
site of nitric oxide (NO) and other NO-generating agents (nitroprusside, nitroglycerin).
NO is formed from arginine in a reaction catalyzed by the enzyme NO synthase, the
activity of which is regulated by Ca^'^-CaM.

Thus, agonist-induced cGMP

accumulation presumably results from agonist-stimulated Ca^"^ influx through calcium
channels in the plasma membrane, activation of NO synthase, and stimulation of the
soluble guanylate cyclase by NO [174].

Various substances may activate specific

receptors and induce the formation of NO.

This was found to be the case for

substances such as acetylcholine, adrenaline, noradrenaline, histamine, prostacyclins
(PGI2 ), arginine-vasopressin, 5-HT, adenosine diphosphate (ADP), thrombin, PAF and
bradykinin [157].

The

remarkable

difference

between

cAMP-dependent

and

cGMP-dependent

transduction systems is that the molecular sites of action of cGMP are not exclusively
the protein kinases, but also cAMP-PDE, ion channels, and possibly other target
proteins involved in cellular responses [157].

1.8.2 Phosphatidylinositol (PI) pathway

This transduction process was first recognised by Hokin and Hokin [175,176].
However, the elucidation of the process came about in 1980s [177], when
phosphatidylinositol (PI) hydrolysis, calcium mobilization and cellular activation were
linked mechanistically.

In the last ten years this area of research has developed

rapidly.

Receptor-mediated phosphoinositide breakdown is catalyzed by agonist activation of
phospholipase C (PLC). There are at least four or five types of PLC in mammalian
tissues (a, p, y, Ô and £) activated by the Gp-linked receptors, such as muscarinic M 2
receptors, and gastrin/cholecystokinin (CCK) receptors [178-180]. Three types of Gp
proteins are involved in this process and have been described according to their
sensitivity to pertussis and cholera toxins [181-185].
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Each

PLC

has similar catalytic

properties

and

hydrolyses

three, common

phosphoinositides: PI, phosphatidylinositol 4-phosphate (PIP) and phosphatidylinositol
4, 5-bisphosphate (PIP2 ). PLC transforms PIP 2 into two messengers, inositol 1 , 4, 5trisphosphate (IP3 ) and diacylglycerol (DAG).

The latter is also the product of

phosphatidylcholine hydrolysis [186,187]. When IP 3 is released into the cytoplasm,
it mobilizes Ca^^ stores from the endoplasmic reticulum. The transitory rise in free
calcium and/or its binding to calmodulin induces the activation of specific protein
kinases [157].

Recent studies have also indicated that the Ca^^-CaM pathway may have a critical role
in the secretion of pepsinogen induced by carbachol and CCK in rabbit mucosal tissue
maintained in organ culture [188]. Evidence is now accumulating to indicate that
other membrane phospholipids are also degraded following receptor activation. This
is the case for phosphatidylcholine which is probably hydrolysed by both a PLC and
a receptor-coupled phospholipase D (PLD), producing phosphatidic acid or
phosphatidylbutanol and DAG [189]. In various tissues, PLD might be activated by
G protein-coupled receptors, phosphorylation by a receptor tyrosine kinase, the
DAG/PKC cascade, or by the IP 3 /Ca^^ cascade.

The other product of PIP 2 breakdown, DAG, has widely been accepted as an activator
of PKC [157,177], a calcium and phospholipid-dependent enzyme which has been
detected in a variety of tissues and also in the cytoplasm of mast cells [190,191].
DAG activates PKC which catalyses phosphorylation of serine and threonine residues
in proteins, in the presence of phospholipids, by reversibly increasing its affinity for
calcium ions such that it can be activated at submicromolar concentrations of this
cation [192,193].

DAG, in this way, could thus serve as a second messenger to

activate protein phosphorylation.

Lipid soluble DAG allows PKC, localized in the cytoplasm in its inactive form, to
translocate towards the plasma membrane where it is activated. The family of PKC
enzymes consists of at least six isotypes a , (31, (3II, y, 5, e, which exhibit distinct
tissue-specific patterns of expression.

The y isotype appears to be expressed
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predominantly in the central nervous tissue, whereas the a and P isotypes are
differentially expressed in a wide variety of cell types.

The presence of elevated

levels of Ca^^ and phosphatidylserine are required for the stabilization of the binding
of PKC to the membrane. Phorbol esters and certain mutagens directly stimulate the
C kinases in the presence of calcium in a fashion similar to DAG. The PKC contains
two phorbol ester binding domains which may have interactive functions [194]. The
hydrolysis of DAG produces AA, which is metabolized by the lipoxygenase pathway
into LTs and by the cyclo-oxygenase pathway into a series of PGD 2 , PGE 2 and PGF 2
and TXA 2 . Various observations have suggested a potential role for PKC in mast cell
stimulus-secretion coupling. Firstly, IgE-dependent stimulation of rat mast cells [195],
mouse cultured mast cells [196] and human cultured basophils leukocytes [197] caused
a rapid accumulation of DAG which preceded or was concurrent with histamine
release. Secondly, White et al have shown that antigen-activation of mouse cultured
mast cells stimulated PKC activity associated with the cell particulate fraction. Kinase
activation was maximal 30 s after challenge and preceded histamine secretion, and
both enzyme activation and histamine release were similarly dependent on antigen
concentration [198].

Further evidence for the role of PKC was provided by the use of phorbol esters such
as phorbol myristate acetate (PMA), agents which mimicked the effects of DAG on
PKC. At low concentrations (<10 ng/ml), these compounds were found to be poor
histamine releasers, but potentiated histamine secretion initiated by suboptimal
concentrations of IgE-directed ligands and calcium ionophores in human basophils
[197,199], RPMCs [200] and RBL cells [201]. These results thus suggest that PKC
has a positive modulatory role in histamine secretion. Therefore, the two products of
PIP2 breakdown (IP3 and DAG) may represent two routes of a second messenger

pathway which positively interact with each other [204,211].

However, that PKC can also negatively modulate secretion was suggested by
observations with RBL cells.

Sagi-Eisenberg et at [199] have shown that at low

concentrations (<10 ng/ml), TPA potentiated antigen-induced serotonin release but, in
contrast, completely blocked the intracellular calcium increase normally associated
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with this secretagogue. The concept of PKC acting as a negative modulator of signal
transduction is further supported by observations that, in the mast cell [2

0 2

] and in a

variety of other cell types [203], phorbol esters can inhibit phosphoinositide
breakdown and calcium mobilization. These observations may be interpreted either
in terms of PKC having two roles: one to interact positively with the calcium signal
and one to suppress it or that phorbol esters may exert an effect other than that
through PKC activation.

It is now generally accepted that the PKC enzymatic complex plays a crucial role in
a number of cellular responses related to differentiation, proliferation and membrane
protein functions [193] [Fig 1.6].

1.8.3 Phospholipase

PLA 2 is the enzyme responsible for the release of AA from membrane phospholipids
by hydrolysis of the 2-acyl ester bond of phosphoglycerides. Investigation of the
subcellular distribution of these enzymes revealed the existence of both cytosolic and
membrane-bound forms. In the cytosol of various cells and tissues, including blood
cells and kidney, a cytosolic PLA 2 preferentially hydrolyses phospholipids containing
A A esterified in the 2-position [157].

The activity of cytosolic PLA 2 is calcium-

dependent and may be regulated by physiological intracellular Ca^^ levels [204].
Because simultaneous increases in Ca^"^ dependent activity and PLA 2 membrane
translocation have been observed, it was suggested that membrane-bound and cytosolic
PLA 2 activities represent one enzyme and that the membrane-bound form is the
biologically active PLA 2 [205]. Recent molecular cloning of the human Ca^"^ sensitive
cytosolic PLA 2 gene demonstrates that the corresponding cDNA encodes the functional
85 kD cytosolic PLA 2 . The cytosolic PLA 2 protein contains a structural element
homologous with the conserved region C2 of the regulatory domain of PKC [206].
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1.8.4 Tyrosine kinase transduction systems

The receptor linked tyrosine kinases share a similar molecular topology. All possess
a large glycosylated, extracellular ligand binding domain, a single hydrophobic
transmembrane region, and a cytosolic domain that contains a tyrosine kinase catalytic
unit.

It is possible to classify these receptors into 4 subclasses according to their

distinct structural characteristics [207].

The activity of the receptor type protein-

tyrosine kinase is regulated by ligand binding and the subsequent conformational
alteration at the extracellular domain [208].

This process induces receptor

oligomerization, which stabilizes interactions between adjacent cytoplasmic domains
and leads to activation of kinase function by molecular interaction.

Receptor

oligomerization is an universal phenomenon among growth factor receptors. Receptor
tyrosine kinases catalyze the phosphorylation of exogenous substrates as well as
tyrosine residues within their own polypeptide chain.

The ligand-stimulated

autophosphorylation (or cross-phosphorylation) of tyrosine not only enhances the
tyrosine kinase activity of the receptors but also creates binding sites for recruitment
of specific cellular enzymes.

These enzymes then transduce signals to the cell

interior. For example, PLC-yl and phosphatidylinositol 3-kinase (PI-3 kinase), the
cytosolic enzymes in the resting cell, are recruited by the PDGF receptor after its
activation [209,210]. The stimulation of PLC-yl, an isoenzyme of PLC, is responsible
for PIP 2 turnover after epidermal growth factor (EGF) and platelet derived growth
factor (PDGF) receptor stimulation. This activation of PLC-yl would stimulate the
classical PI turnover pathway, leading to an elevation of cytosolic Ca^"^ and stimulation
of PKC, with subsequent activation of a multitude of cellular events including
mediator release from mast cells.

A newly discovered enzyme implicated in the cross-talk of the transduction pathways,
is PI-3 kinase. This enzyme was shown to be composed of two subunits of relative
molecular mass 85,000 and 110,000 [211]. The 85,000 subunit is a direct substrate
of the PDGF receptor. PI-3 kinase was the first enzyme found to be associated with
tyrosine kinase. Upon activation, PI-3 kinase phosphorylates the C-3 position of the
inositol ring. Until recently, PI was thought to be phosphorylated only at the C-4 and
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C-5 positions of the inositol ring. The discovery of PI-3 kinase uncovered a family
of C-3-phophorylated phosphoinositides [211,212], The phosphoinositides that are
phosphorylated at the 3 position are not substrates for any of the known PI specific
PLCs [213], indicating that they are not converted to inositol phosphates in response
to activators of the classical pathway. It appears to be possible that they may act in
a new signalling pathway distinct from the classical PI turnover pathway [214,215].

1.9 Activation of serine esterase

There has been growing interest in the role that proteolytic enzymes may have in
mediator release from mast cells, as studies have shown inhibition of histamine release
from chopped guinea pig lung, human lung fragments and from rat serosal mast cells,
when challenged with serine esterase inhibitors. Studies have also shown inhibitors
to act at the beginning of the secretory process as they effectively inhibit other
biochemical events such as calcium uptake, phospholipid méthylation and an increase
in cAMP [216-220].

There have been suggestions that the mast cell serine esterase is similar to
chymotrypsin, as a-chymotrypsin induces mast cell degranulation from RPMCs [221223].

Moreover use of a fluorescent a-chymotrypsin substrate has shown direct

activation of serine esterase following stimulation with anti-IgE but not compound
48/80 or Ca^^ ionophore [224].

1.10 Mast cell heterogeneity

The mast cell has been isolated from many major organs of the human and laboratory
animals including the heart [225], lung [226], skin [227], stomach, intestine
[33,228,229], bladder [230] and uterus [231]. The ability to isolate and study these
mast cells has allowed us to understand the potential role of mast cells in different
tissues and the extent of mast cell heterogeneity. This heterogeneity manifests itself
in morphological, biochemical and functional differences between the mast cells.
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1.10.1 Histochemical variations in mast cells

Mast cell histochemistry was first studied in the rat by Maximow and Enerback.
These studies showed two mast cell subtypes; the connective tissue mast cell (CTMC)
and the mucosal mast cell (MMC). The differences between these two cell types were
first observed in terms of their staining properties [232,233].

A characteristic of the mast cell is its ability to stain metachromatically with certain
cationic dyes such as alcian and toluidine blue. The metachromatic staining is thought
to reflect a selective interaction of the dyes with the mast cell granules, which are
largely made up of highly charged proteoglycan molecules complexed with a basic
protein core [234].

To date, the property of metachromasia has been demonstrated in all mast cells
examined. However, the requirements for its expression may vary in different tissue
sites.

In particular, the granules of the MMC, unlike those of the CTMC, may

become resistant to metachromatic staining after preservation in some common
formalin-based fixative [234].

It must be noted that the histochemical criteria for studying mast cell heterogeneity
have been developed exclusively in the rat. Two distinct types of mast cells have
been identified in the GI tract of this species [232,233,235,236]. The mast cells in the
lower layer of the intestinal wall (CTMC) resemble those in other connective tissues
and the serosal cavities. The mast cells in the mucosal layer (MMC) display different
properties. They are smaller in size, more variable in shape, and have a lower content
of histamine and serotonin. MMC also possess fewer granules than CTMC and these
contain the less highly sulphated glycosaminoglycan chondroitin sulphate rather than
heparin.

In man, however, the study of these subtypes is still being developed. Detailed studies
by Strobel et al [237] have shown two mast cell subtypes in the intestine based on
their formalin sensitivity.

However, the distinction between the cell types in the
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human is considerably more subtle and less obvious than in the GI tract of the rat.
Moreover, the subpopulations are no longer confined to particular anatomical areas of
the target organ.

Thus, the MMC of the human large intestine, as defined by its

formalin sensitivity, is not restricted to the lamina propria but is observed in great
numbers in the submucosa and muscle [238].

1.10.2 Biochemical differences between mast cells

M ast cells from different origins have been shown to vary in granular content. Thus,
rat CTMC from the serosal cavities contain heparin predominantly, while mast cells
from the intestinal mucosa of the same animal contain a form of chondroitin sulphate
termed chondroitin sulphate diB [239]. The major proteoglycan of human lung mast
cells is heparin but this is of a considerably lower relative molecular mass than that
of the rat [240].

Heterogeneity has also been observed with neutral proteases in rat mast cell
populations [241]. Rat CTMC contain a chymotrypsin-like neutral protease termed
rat mast cell protease I (RMCP-I) and carboxypeptidase A, an enzyme that cleaves Cterminal aromatic amino acids, whereas rat MMC contain another chymotrypsin-like
neutral protease named rat mast cell protease II (RMCP-II) [242-244].

Although

RMCP-I and RMCP-II have substantial homology in their amino acid sequences,
antibodies to each of them do not cross react [245].

This difference in neutral

protease content also extends to human mast cells in which two enzymes, tryptase (T)
and chymase (C) are present.

The predominant cell in the lung and the intestinal

lamina propria contains tryptase alone (MCj) whereas the predominant cell in the skin
and intestinal submucosa contains both enzymes (MCjc) [246].

The M Cj is thymus dependent since patients with acquired immunodeficiency
syndrome and severe combined immunodeficiency syndrome demonstrated a
significant decrease in this type of mast cell in the intestine, whereas the MC^c type
of cell was not diminished [247]. This thymus dependency also applies to rat MMC,
since interleukin 3 (IL-3) derived from T cells has been demonstrated to promote their
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growth in vitro and the hyperplasia of intestinal MMC found in response to the
nematode Nippostrongylus brasiliensis does not occur in the nude rat [248,249].

Metabolism of AA via the cyclo-oxygenase and lipoxygenase pathways produces
compounds that are highly vasoactive, spasmogenic and chemotactic. However, the
relative importance of the two pathways varies from one cell type to another. RPMCs
process AA almost exclusively through the cyclo-oxygenase pathway to form PGD 2
with little or no production of LTs [250]. In contrast, in intestinal MMC from the
same animal, LTs in the form of B 4 and C 4 are produced along with PGD 2 [251]. AA
metabolism in cultures of bone marrow-derived mouse mast cells, which show some
of the characteristics of rat MMC, preferentially leads to the synthesis of LTC 4
[252,253].

The situation in human mast cells is more controversial due to the

difficulty in obtaining pure cell preparations but it would now appear that mast cells
derived from the lung, intestine [33] and skin [254] are capable of producing both
PGD 2 and LTs.

1.10.3 Functional differences between mast cells

The functional heterogeneity of mast cells is most strikingly demonstrated by the
differential effects of non-immunological stimuli on mast cells from different species
and organs.

The synthetic polyamine compound 48/80 has often been described as the "classical
mast cell degranulating agent" but is, in fact, highly specific in its action.

The

polycationic compound is a potent releaser of histamine from rat peritoneal mast cells
[234,255]. Enzymically isolated mesenteric, lung and skin mast cells from the same
animal show significant reactivity whereas cardiac and intestinal mast cell are totally
unresponsive [255].

Peritoneal mast cells of the hamster and particularly of the

mouse, are much less reactive than those of the rat, and tissue mast cells of the guinea
pig are refractory to the compound [255-257].
complex.

The situation in man is equally

Enzymically dispersed adenoidal, colonic, lung and tonsillar mast cells

together with human basophils are unresponsive to compound 48/80 [258].

In
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contrast, this agent is active towards mast cells from the skin and synovial fluid
[258,259].

Indeed, this pattern of differential responsivity extends to other non-

immunological secretagogues and also to agents that modulate histamine secretion
from the mast cell.

One particularly well documented example of the latter effect is provided by the anti
allergic drug disodium cromoglycate (DSCG). DSCG is a potent inhibitor of IgEmediated histamine release from rat serosal mast cells [255].

In contrast, the

compound is significantly less active against peritoneal mast cells from the hamster
and totally ineffective against those cells from the mouse. The chromone is similarly
inactive against tissue mast cells of the guinea pig and intestinal MMC of the rat
[255,257].

In man, this drug is totally ineffective against the basophil but has

significant activity towards mast cells isolated from the colonic mucosa [260]. In the
lung, DSCG shows limited activity against pulmonary mast cells isolated from the
lung parenchyma while being significantly more active towards airway cells recovered
by bronchoalveolar lavage (BAL) [261].

1.10.4 Summary

The phenomenon of mast cell heterogeneity may provide insights into the clinical role
of the mast cell. It has also allowed us to consider the possible modulatory role that
the mast cell may exert, due to its diverse range of chemical mediators, in a variety
of systems including the nervous system [262], control of fluid and electrolyte
secretion and respiratory epithelia [263], tissue fibrosis and remodelling [264], and the
control of the micro vasculature. There have also been suggestions about mast cells
being involved in various clinical conditions, either as a promoter of tissue injury in
IBD, erythropoietic protoporphyria or gastric ulcer disease [265,266], or in a protective
role in parasitic disease and cancer [266,267].
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1.11 Aim of this study

This study examines the histological and functional characteristics of the GI mast cell
and attempts to assess the importance of this cell in a number of GI disorders such as
IBD and gastrointestinal ulcers (GIUs). The project also considers the mechanism of
gastric secretion, concentrating on the role of histamine and its possible source.

Determination of the histological and functional characteristics of the GI mast cell
involves a study of the location of the mast cells in the GI tract, the number of mast
cells in the respective areas, the shape and granular structures of the cells from normal
and diseased specimens, and a study of mediator release from isolated mast cells
stimulated with a range of agonists and inhibitors. The accumulation of these data
will allow us to draw conclusions on the heterogeneity of the mast cell in the GI tract
and any changes which may occur in these cells after EBD and GIU.

The importance of the mast cell in IBD and GIU is studied by examining the effect
of known therapeutic compounds on the release of histamine from freshly isolated
mast cells. These results allow us to look at the possible clinical relevance of these
compounds in relation to the mast cell and the importance of the mast cell in these
conditions.

The study of GI secretion is carried out using two histaminocytes from the GI tract,
the mast cell and the enterochromaffin-like cell (ECL cell). Two gastric hormones,
gastrin and acetylcholine and their respective congeners pentagastrin and carbachol are
used in various combinations to measure any effect on the release of histamine from
these histaminocytes. This may give an indication of the relative importance of the
different histaminocytes in gastric secretion.
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Fig 1.2

Model of the mouse high affinity receptor for IgE (Fc^RI)
Source: C. Ra, M-H. E. Jouvin and J.P. Kiner, J Biol Chem, 264,
15323,(1989)
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2.1 Animals

Throughout the study, male Sprague Dawley rats (200-450 g) and Dunkin Hartley
(male and female) guinea-pigs (400-800 g) were obtained from closed, random bred
colonies kept in the animal house. University College London.

2.2 Human subjects

Specimens of human colon and stomach (10-40 g) were provided by surgeons of
University College Hospital (London), Charing Cross and W estminister Hospital
(London) and Hammersmith Hospital (London). Peripheral blood was obtained by
venipuncture from normal healthy donors and atopic donors by a qualified medical
practitioner.

2.3 Buffers

All experiments (unless stated otherwise) were carried out using modified Tyrode’s
buffer with N-2-hydroxyethyl piperazine-N’-2-ethane sulphonic acid (HEPES) as
described below. The pH of all buffers was adjusted to 7.3-7.4 by addition of either
HCl (3.0 M) or NaOH (4.0 M).

2.3.1 Full HEPES-Tyrode’s consists of:-

NaCl

137.0 mM (8.0 g/1)

HEPES

5.6 mM (2.0 g/1)

D-Glucose

2.7 mM (5.6 g/1)

KCl

1.0 mM (201 mg/1)

CaCl^.

2

H2O

NaH^PO^. H 2 O

1.0 mM (147 mg/1)
0.4 mM (62.4 mg/1)

56
2.3.2

Buffers used in ECL cell isolation

23.2.1 Medium A

NaH 2 P 0 4

0.5 mM

Na 2 HP 0

1.0 mM

4

NaHCOg

20 mM

NaCl

80 mM

KCl

5 mM

HEPES

50 mM

D-Glucose

11 mM

EDTA

2.0 mM

(Ethylenediaminetetraacetic acid)
BSA

10 mg/ml

(Bovine serum albumin)

2.S.2.2 Medium B

M edium B was analogous to medium A but contained 1.0 mM CaCl 2
and 1.5 mM MgCl^ instead of EDTA.

2.3.3 2x Calcium-Tyrode’s

Full HEPES-Tyrode’s containing CaClz at twice the normal concentration (2.0 mM).

2.3.4 Calcium and magnesium-free-Tyrode’s (CMF)

Full HEPES-Tyrode’s in which CaCl2 was omitted.

2.3.5 Glucose-free-Tyrode’s

Full HEPES-Tyrode’s in which glucose was omitted.
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2.3.6 2x EDTA-Tyrode’s

CMF-Tyrode’s containing EDTA (0.2 mM).

2.4 Isolation and purification of mast cells

2.4.1 Rat peritoneal mast cells (RPMCs)

The animal was first asphyxiated with carbon dioxide and the neck then broken. The
abdominal skin was removed and full Tyrode’s buffer containing heparin (5 units/ml)
was injected into the peritoneal cavity (15 ml per rat). Gentle massage (2 min) was
applied to the animal and the abdomen was cut open along the midline. Peritoneal
cells were recovered using a plastic pipette and were collected in a plastic test tube.
Any sample heavily contaminated with blood was discarded. The cells were then
pelleted by centrifugation (100 g, room temperature (RT), 2 min), washed twice in the
appropriate buffer and then used for functional studies without further purification.

2.4.2 Human colonic mast ceils

Macroscopically normal human tissue was obtained from colo-rectal surgery, while
abnormal tissue was obtained from surgery for inflammatory bowel disease (Crohn’s
disease and ulcerative colitis). The specimen was divided into two portions by blunt
dissection; one contained the mucosa while the other portion included the submucosa
plus the underlying muscle layers.

For each portion, the tissue was washed in full Tyrode’s buffer (37 °C, 2x 10 min,
with stirring) to remove faecal matter and mucus. It was cut into small fragments (1-2
mm^) with scissors and an automated tissue chopper. This was followed by enzymic
dispersion in full Tyrode’s buffer containing BSA (1 mg/ml) and collagenase (140
units/ml) (15-25 ml/g tissue, 37 °C, 2x 60 min of stirring).

The final colonic cell

suspension was recovered and used for histological and functional studies.
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2.4.3 Human gastric mast cells

Specimens of macroscopically normal human stomach were recovered following
surgery for gastric carcinoma. The mucosa was first separated from the underlying
muscle layer by blunt dissection and thereafter treated with the same procedure as
described in section 2.4.2 for the isolation of human colonic mast cells.

2.4.4 Human basophil leukocytes

Venous blood was obtained from healthy volunteers and heparin (25 units/ml) was
added to prevent coagulation. Dextran 70 containing glucose (30 mg/ml) was mixed
with the blood sample in a ratio of 1:4 and the mixture was left to stand (60-90 min,
RT). Leukocytes were recovered from the top plasma layer by centrifugation (150 g,
RT, 4 min), washed twice in full Tyrode’s and then used for functional studies without
further purification.

2.4.5 ECL cells isolated from the rat and guinea-pig stomach

The animal was killed as before. The stomach was removed and everted, and the
forestomach and antrum were removed.

The fundic part was transformed into an

everted sack and filled with 2 ml of pronase solution (7.5 mg/ml medium A) and
incubated for 75 min at 37 °C in gassed (95 % Oj, 5 % CO 2 ) medium A. Medium A
was renewed after 15 and 45 min. The superficial cells present in the medium at 15,
45 and 75 min were discarded. Cell isolation was performed by magnetic stirring of
the stomachs in gassed medium B at room temperature for two periods of 15 min, and
cells were collected by centrifugation at 200 g for 5 min at RT.

ECL cells were

washed twice in 2 mg/ml BSA and full Tyrode’s buffer. The cell suspension was then
used for functional studies without further purification.
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2.4.6 Purification of RPMCs

Cells were isolated from the rat peritoneal cavity using the above procedure (2.4.1 Rat
peritoneal mast cells (RPMCs)) in full Tyrode’s buffer containing heparin (5 units/ml)
and BSA (1 mg/ml)). These cells were then washed (2x) and resuspended in the same
buffer, ready for purification.

Commercially available Percoll (4.5 ml) was added to lOx full Tyrode’s buffer (0.5
ml), mixed gently and 1 ml of the percoll mixture was removed. However, a
suspension of the crude isolated rat peritoneal mast cells

(1

ml) was added to this

percoll mixture and gently mixed. This was followed by the careful addition of full
Tyrode’s buffer (1 ml, containing heparin and BSA) to the percoll mixture making 2
layers.

This was centrifuged (1000 RPM, 4 °C, 25 min) after which the percoll

mixture was removed by pipetting, leaving a cell pellet at the bottom of the tube. The
cells were washed twice in full Tyrode’s buffer (containing heparin (5 units/ml) and
BSA (1 mg/ml)) and then tested for viability and percentage purity o f mast cells.

2.5

Mast cell characterization

2.5.1 Cell counts and viability

The total number of nucleated cells and their viability in any cell suspension was
evaluated using the trypan blue exclusion test (0.1 %) and/or toluidine blue. The cells
were counted in an improved Neubauer haemocytometer.

This procedure was also used to examine the changes in mast cell number and
viability of thin cross-sections of macroscopically normal and abnormal human GI
mucosa and submucosa/muscle.
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2.5.2 Cell fixation and staining

Cytocentrifuge smears (a minimum of 1,000 cells per slide) were made and air-dried.
They were fixed in Carney’s solution (30 min) or formol saline (24 hours) and then
stained as follows.

min)

1. Distilled water

( 1

2. Alcian blue (0.1 % in 0.7 M HCl)

(30 min)

3. HCl (0.7 M)

(5 min)

4. Safranin 0 (0.5 % in 0.125 M HCl)

(5-7 min)

5. Distilled water

( 1

6

min)

. Mount in Canada balsam

Carney’s solution was prepared by mixing absolute ethanol, chloroform and glacial
acetic acid in the ratio 6:3:1, v/v. Formol saline was prepared by adding formalin (10
%, v/v) to 0.9 % saline.

Assessment of formaldehyde sensitivity in any given cell preparation was carried out
as follows.

A total of fifty high power microscope fields were counted in both

fixation groups using a Wild Heerbrugg optical microscope. Counts were made at
lOOx magnification using a calibrated eyepiece (15x GK, W ild Heerbrugg).

The

number of mast cells was then expressed as a percentage o f the total nucleated cell
number in each fixation group and the percentage of formaldehyde sensitive, and
therefore insensitive, mast cells was calculated by dividing the percentage of mast
cells observed in the formaldehyde group by the percentage in the Cam oy’s group.
Similarly, the percentage of safranin positive mast cells was evaluated by dividing the
number of counterstained mast cells by the observed total (alcian blue positive 4safranin positive) in the Carnoy’s group.
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2.5.3 Histamine content

The number of mast cells in a given suspension of the rat peritoneal fluid was
assessed by staining an aliquot of the suspension with toluidine blue (15 min, 0.005
%, w/v) and counting the number of stained cells by using an improved Neubauer
haemocytometer. The cell suspension was then assayed for histamine and the result
compared with known standards to determine the histamine content.

For tissue mast cells, an alternative method was employed to overcome the
unsatisfactory staining of these cells by toluidine blue. The number o f nucleated cells
in a given suspension was first determined by the trypan blue exclusion test (0 . 1 %).
The percentage of mast cells was then assessed by counts performed on stained
cytocentrifuge smears.

The suspension was assayed and the results compared to

known standards as described above.

2.6

ECL cell characterisation

2.6.1 Cell counts and viability

Isolated cells were prepared as cytocentrifuge smears and air dried. They were placed
in water, cleared in xylene for 2-4 mins, placed in 70 % alcohol for 1 min and then
in tap water.

They were stained with Harris haematoxylin for 5 min, washed in

running water, differentiated with 1 % acidified alcohol (1 % HCl and 70 % ethanol),
washed again in running water, stained in

1

% eosin and washed briefly in tap water.

The preparations were dehydrated in alcohol (70 % to absolute), cleared in two
changes of xylene, and mounted in resin medium.

In the intact cells, the nuclei

stained blue and the cytoplasm stained pale pink.

Non viable preparations were

characterized by a lack of discrete staining or diffuse staining of the entire cell. Cells
were counted using a microscope eye-piece grid which covered an area of
the number of viable cells was expressed as a percentage of the total.

1

|i,m^ and
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2.6.2 Cell argyrophilicity and argentaffinity

2.6.2.1 Grimelius method fo r argyrophilicity o f cells

Suspensions of cells isolated from rat and guinea-pig stomach were taken and washed
in saline and fixed in 4 % formaldehyde (10 % formalin) for 12-24 hours.

After

fixation, the cells tissues were dehydrated and embedded in paraffin, and 5 pm
sections were cut using a microtome (Leica). Cells were stained using 1 % silver
nitrate (freshly prepared at 60 °C) for 3 hours.

The silver nitrate solution was

removed and specimens were placed in freshly prepared reducer at 45 °C for 1 min.
Finally, specimens were washed in saline and mounted in araldite, ready for light
microscopy.

2.6.2.2 Masson-Fontana method fo r argentaffinity o f cells

Suspensions of cells isolated from rat and guinea-pig stomach were prepared for
staining, as above. Cells were stained using five different silver nitrate concentrations
in distilled water, namely 5 %, 2.5 %, 1 %, 0.5 % and 0.25 %.

Concentrated

ammonia was added to each solution until the precipitate formed had almost dissolved
and a faint opalescence was apparent. If too much ammonia was added, causing the
solution to become clear again, more of the original silver nitrate solution was added
until the proper end point was reached. After completing this process specimens were
mounted in araldite, ready for light microscopy.
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2.7 Histamine release experiments

2.7.1 Histamine release from isolated mast cells and basophils

Isolated mast cells and basophils were aliquoted into disposable polyst^'iene test tubes
(peritoneal: 500 |il; others: 200 |il) and were left to equilibrate in a water bath (37 °C,
5 min).

A solution of the releasing agent was added and the reaction allowed to

proceed for 10 min (basophils: 20 min). The reaction was quenched by the addition
of ice cold or RT Tyrode’s solution (peritoneal: 1.5 ml; others: 800 pi). The cells
were immediately separated from the supernatant by centrifugation (peritoneal:
g, 4 °C, 2 min ; others: 150 g, 4 °C, 3 min).

1 0 0

The resulting cell pellets were

resuspended in Tyrode’s solution (peritoneal: 2 ml; others: 1 ml) and then boiled for
10 min (manual assay) or treated with 70 % perchloric acid (final concentration 0.4
M) (automated assay) to release the residual histamine. Histamine was determined in
both the supernatant and cell pellet and release was expressed as a percentage of the
total amount of the amine originally present in the cell. Hence: Histamine release
(H

r)

(%) = 100 [ (Hj) / (Hg + Hg) ], where H^ = quantity of histamine in supernatant

and Hj. = quantity of histamine in cell pellet.

The value of H r was corrected for the spontaneous release occurring in the absence
of any stimulus. In all experiments, values were given as mean ± SEM.

2.7.2 Histamine release from isolated mast cells and basophils: effect of calcium

In experiments designed to investigate the effect of calcium, isolated mast cells and
basophils (250 pi in CMF-Tyrode’s) were first aliquoted into disposable polystyrene
test tubes containing an equal volume of appropriately modified Tyrode’s solution.
This solution contained either CMF, EDTA (200 pM) or full Tyrode’s buffer
(containing calcium at twice the normal concentration). The cells were allowed to
equilibrate in the appropriate media (37 °C, 5 min) before the addition of the releasing
agent (dissolved in CMF-Tyrode’s).

Thereafter, the reaction was terminated and

histamine contents determined as before.
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2.7.3

Histamine release from isolated mast cells and basophils: effects of

metabolic inhibitors

In experiments designed to investigate the metabolic requirements for histamine
release, isolated mast cells and basophils were first preincubated (37 °C, 20 min) in
glucose-free-Tyrode’s solution containing 2-deoxyglucose (5 mM) and antimycin A
(1 |iM ).

The cells were then challenged with the appropriate releasing agent

(dissolved in glucose-free-Tyrode’s).

Thereafter, the reaction was terminated and

histamine contents determined as before.

2.7.4 Prostaglandin Dj (PGD2) release from isolated human colonic mast cells

Isolated human colonic mast cells (200 pi) were aliquoted and equilibrated as outlined
in 2.7.1. A solution of the releasing agent was then added and the reaction allowed
to proceed for 20 min.

The reaction was terminated by the addition of ice-cold

Tyrode’s solution (800 pi) and immediately centrifuged (150 g, 4°C, 3 min). Aliquots
(2x 250 pi) of the supernatant were taken from each sample and pipetted into
Eppendorf tubes. They were snap-frozen in liquid nitrogen and kept frozen at -85 °C
until required for PGD 2 assays (section 2.8). The rest of the supernatant (500 pi) was
transferred into clean polystyrene tubes and made up to a final volume of 2 ml. The
histamine contents of both supernatants and cell pellets were then determined as
before.

2.7.5 Inhibition of histamine release

Isolated mast cells and basophils were aliquoted and equilibrated as before.

A

solution of the inhibiting agent was added for a defined period of preincubation before
the addition of the stimulus with the exception of zero preincubation in which the
inhibitor and stimulus were added together. The reaction was allowed to proceed for
10 min (basophils: 45 min) and then terminated as before. The result was expressed
in terms of the percentage inhibition of the control histamine release (histamine release
induced by a given concentration of the secretory stimulus in the absence of an
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inhibitor). Hence: Inhibition (Hj) (%) = 100 [ (R^. - Rj)/ (R^.) ], where

= Histamine

release in absence of any inhibitor (control release), and Rj = Histamine release in
presence of a particular inhibitor. Values are given again as means ± SEM.

2.7.6 Potentiation of histamine release

Isolated mast cells were aliquoted and equilibrated as before.

A solution of the

potentiating agent was added for a defined period of preincubation before the addition
of a suboptimal concentration of the original stimulus. The reaction was terminated
after 10 min, as before.

The result was expressed in terms o f the percentage

potentiation of the control release. Hence: Potentiation (Hp) = 100 [ (Rp-R^)/ (R^.) ],
where: R^ = control release and Rp = release in presence of the potentiator.

2.8

Histamine assay

2.8.1 Manual assay

The basis of the histamine assay was first described by Shore et al [268]. It depends
upon the reaction between histamine and o-phthaldialdehyde (OPT) under alkaline
conditions.

The resultant condensation product is highly fluorescent and can be

measured by using a commercially available spectrophotometer (Perkin Elmer LF 5B).
Samples (500 |il) were made alkaline by the addition of sodium hydroxide (1 M, 267
|il) followed by OPT (1 % in methanol, 100 |il), mixed vigorously by vortexing and
left to react for 4 min. The reaction was quenched by the addition of hydrochloric
acid (3 M, 133 jil). The fluorescence produced by this reaction was measured on the
spectrophotometer using an excitation wavelength of 360 nM and an emission
wavelength of 440 nM.
histamine.

The method had a limit of sensitivity of ca 5 ng/ml of
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2.8.2 Automated assay

This procedure involves the isolation of histamine from the sample hence eliminating
any substances which would otherwise interfere with the histamine assay.

The

samples were acidified with perchloric acid (72 %, 133 |ll), vortexed and centrifuged
(MSE Coldspin, 2000 rpm, 4 °C, 20 min) in order to sediment any cellular debris
which would impair the function and sensitivity of the commercial autoanalyzer
(Technicon Autoanalyzer II). The supernatants were poured into sample cups and
assayed for their histamine content using the autoanalyzer.

After introduction into the autoanalyser, the samples were made alkaline and the
histamine extracted into salt saturated butanol.

The organic phase was separated,

washed once in a less alkaline medium, made less polar by the addition of n-heptane
and the histamine back-extracted into dilute HCl. The amine was allowed to react
with OPT under alkaline conditions and the adduct generated was stabilised by
acidification. The fluorescence was recorded by a chart recorder. The limit of the
sensitivity from the machine is ca 0.5 ng/ml of histamine.

2.9 Prostaglandin 0% (PGDj) assay

A commercially available RIA assay kit (Amersham) was used for the measurement
of PGD 2 levels. The assay is based upon competition between unlabelled PGDj and
a fixed quantity of tritium-labelled PGD 2 for binding to a limited quantity of an
antibody which has high specificity and affinity for PGD 2 . The amount of radioactive
ligand bound by the antibody will be inversely proportional to the concentration of
added non-radioactive ligand. Measurement of the protein-bound radioactivity enables
the amount of unlabelled PGD 2 in samples to be determined. The antibody is quite
specific for PGD 2 but there is cross-reactivity with PGI2 (7 %), PGF 2 (<1 %), PGE 2
(<1 %), PGA 2 (<1 %)and TXB 2 (<1 %). The working range of the RIA assay for
PGD 2 is 5-200 pg/ml.
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In brief, a set of PGD 2 standards (Amersham) and the experimental samples (100 |il)
were pipetted into appropriately labelled polypropylene tubes (12x 75 mm). This was
followed by the addition of the

tracer (100 |il), PG specific antiserum (100 pi) and

assay buffer (100 pi). Along with the samples and standards, a total count (TC) tube
(100 pi tracer, 100 pi antiserum, 200 pi buffer), a zero standard (B J tube (100 pi
tracer, 100 pi antiserum, 200 pi buffer) and a non-specific binding (NSB) tube (100
pi tracer, 300 pi buffer) were also prepared. All tubes were mixed thoroughly and
were left to incubate overnight at 4 °C.

The next day, a dextran-coated charcoal

solution (500 pi) was added to each tube, with the exception of the TC tube in which
assay buffer (500 pi) was used instead.

The tubes were mixed immediately on a

vortex mixer, left to stand in an ice-bath for 15 min and were then centrifuged (250
g, 4 °C, 15 min). The supernatants were decanted into scintillation vials. Scintillant
(Optiphase Safe LKB, 5 ml) was added into each vial, mixed thoroughly, and the
radioactivity measured in a p-scintillation counter (Packard model 3255 Triscarb liquid
scintillation spectrometer, 4 min).

A standard curve was constructed from which

PGD 2 contents in the samples could be determined by reading off the curve. Samples
were diluted if necessary to be within the range of the standards.

2.10 Active sensitization

2.10.1 Sensitization of rats with Nippostrongylus brasiliensis

Male Sprague Dawley rats (180-200 g) were sensitized by the subcutaneous injection
of third stage larvae (L3, 2500) of Nippostrongylus brasiliensis in sterile physiological
saline (SPS, 0.2-0.3 ml).

The larvae were obtained either from faecal cultures of

previously infected rats as described in section 2 . 1 0 . 2 or were generously provided by
Mr D. Pedley, Department of Agricultural Zoology, University of Leeds. The rats
were ready for use 21 days post injection and remained sensitized for another 3-4
weeks.
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2.10.2 Preparation of third stage larvae

The larvae were obtained by collecting faeces of treated rats 7 days after being
injected with 2500 L 3 larvae. The faeces were dampened with tap water and gently
ground with an equal weight of active charcoal. The mixture was placed on a Petri
dish and kept in an incubator (37 °C) for 14 days. The isolation o f lar\/ae involved
pouring the contents of the Petri dishes over two layers of gauze lined with lens tissue.
The larvae were allowed to sediment (90 min) through warm tap water into a
graduated glass test tube. The larvae were washed 3-4 times with sterile physiological
saline and resuspended in the same medium, in preparation for injection.

2.11 Materials

2.11.1 Immunological and related secretagogues

Rabbit antiserum to human IgE

Dako, Buckinghamshire

(anti-human IgE)
Sheep antiserum to rat IgE

Dako/ICN, High W ycombe

(anti-rat IgE)
Concanavalin A

Sigma, London

2.11.2 Non-Immunologic secretagogues

Compound 48/80

Sigma, London

Acetylcholine

Sigma, London

Carbamylcholine (carbachol)

Sigma, London

Dextran (mw 110,000)

Fisons, Loughborough

Human gastrin

Sigma, London

lonomycin

Sigma, London

lonophore A 23187

Sigma, London

Pentagastrin

Sigma, London

Triton-XlOO

Sigma, London
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Tween-20

Sigma, London

Substance P

Peninsula, Merseyside

Poly-L-lysine HBr

Sigma, London

Poly-L-arginine HCl

Sigma, London

Polymyxin

Sigma, London

Vasoactive intestinal peptide

Sigma, London

2.11.3 Inhibitors of histamine release

Cimetidine

SK&F, Pensylvania

Ranitidine

Glaxo, Middlesex

Famotidine

Sigma, London

Nizatidine

Lilly, Indianapolis

Disodium cromoglycate

Fisons, Loughborough

Isoprenaline

Sigma, London

Nedocromil sodium

Fisons, Loughborough

Theophylline

Sigma, London

5-Aminosalicylic acid

SK&F, Pensylvania

Sulphapyridine

Sigma, London

Sulphasalazine

Sigma, London

Hydrocortisone

Sigma, London

Betamethasone

Sigma, London

Prednisolone

Sigma, London

Methylprednisolone

Sigma, London

2.11.4 Materials for buffers

Calcium chloride

BDH chemicals

EDTA

Fisons, Loughborough

Glucose

Fisons, Loughborough

HEPES

BDH chemicals

Hydrochloric acid

Fisons, Loughborough

70
Potassium chloride

Fisons, Loughborough

Sodium chloride

Fisons, Loughborough

Sodium hydroxide

BDH chemicals

Sodium dihydrogen orthophosphate

Hopkins and Williams

Disodium hydrogen phosphate

BDH chemicals

Bovine serum albumin (BSA)

Sigma, London

Collagenase (Type lA )

Sigma, London

Foetal calf serum (PCS)

Gibco Biocult

Pronase

Sigma, London

Heparin

Monoparin

2.11.5 Materials for histamine assay

Butan-l-ol

Fisons, Loughborough

n-Heptane

Fisons, Loughborough

Methanol

BDH chemicals

OPT (o-Phthaldialdehyde)

Sigma, London

Perchloric Acid (72%)

May and Baker

Triton X-405

Sigma, London

Sodium hydroxide

BDH chemicals

2.11.6 Materials for fixing and staining

Acetone

BDH chemicals

Absolute alcohol (99.8 %)

James Burrough (F.A.D.) Ltd

Alcian blue

BDH chemicals

Chloroform

BDH chemicals

Ethanol

BDH chemicals

Formalin (formaldehyde)

Hopkins and Williams

Glacial acetic acid

BDH chemicals

Glutar aldehyde

Sigma, London

Glacial acetic acid

BDH chemicals
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Microscopy Slides

BDH chemicals

Safranin O

BDH chemicals

Silver nitrate

BDH chemicals

Toluidine blue

BDH chemicals

Trypan blue

BDH chemicals

Hematoxylin

Gibco, Scotland

Eosin

Gibco, Scotland

Xylene

BDH chemicals

Canada balsam

Fisons, Loughborough

Paraffin

BDH Chemicals

CHAPTER 3

Basic characteristics of the mast cells
isolated

from

gastrointestinal
stomach)

the

tract

human

(colon

and
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3.1 INTRODUCTION

The GI mast cell has the ability to release a variety of potent chemical mediators and,
by virtue of its location and number, has the potential to play an important role in
inflammatory processes of the gut. This has been suggested by in vivo and in vitro
studies and by the mast cell hyperplasia which has been reported to occur in
pathological conditions such as coeliac disease [269,270], IBD [271] and parasitic
infections [272].

The initial observation by Maximow [233], and the subsequent series of classic
experiments by Enerback [273-275], have revealed the existence of two distinct types
of mast cell in the GI tract of the rat. The mast cells located in the submucosa/muscle
layer of the intestinal wall resemble those found in other connective tissues and in the
serosal cavities. The cells in the mucosa, however, show very different properties.
They are generally smaller in size and more variable in shape than the connective
tissue cells, have a lower content of histamine and 5-HT and possess fewer granules.
Moreover, they also exhibit numerous biochemical, functional and histochemical
characteristics

which

are distinct

from

their connective

tissue

counterparts

[234,255,274,275].

This phenomenon of mast cell heterogeneity may also apply to the human, but
experiments have shown that mast cells from the human GI tract probably have more
subtle differences in subtypes.

For example, Befus and associates found that the

majority of mast cells in the submucosa and muscularis propria, as well as in the
mucosa of the human large intestine, exhibited histochemical features resembling those
of the murine MMCs [277]. However, mast cells isolated from human colonic lamina
propria by Fox and associates resembled purified human lung mast cells in
ultrastructure, histamine content, responsiveness to anti-IgF and pattern of AA
metabolite production [33]. The cells did vary in size, however, and the ultrastructural
findings were therefore thought possibly to reflect differences in the degree of mast
cell maturation [33,277]. It remains to be determined whether the variation in mast
cell ultrastructure observed by Fox et al [33] was in any way related to variations in
histochemical staining detected by Befus et al [277,278].
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Mast cells are the major histamine containing cells in the human GI tract. Histamine
is a widely studied inflammatory mediator, and its release may be used to examine the
functional properties of the mast cell. The secretion of the amine induced by a variety
of stimulants may vary depending on the mast cell subtype. In fact, comparisons of
the properties of intestinal, lung and skin mast cells provides the best example of
functional mast cell heterogeneity in both man and non-human primates [33,277-280].
Initial studies of the former two cell types, while revealing cytochemical differences,
did not reveal any functional variations, leading the researchers to conclude that
human mast cell heterogeneity might be more readily expressed as biochemical
variability. The more recent ability to isolate human cutaneous mast cells has revealed
that functional mast cell heterogeneity does exist in man and these cells clearly differ
from the gut and lung cell in their responses to certain secretory stimuli [280].

Functional mast cell heterogeneity may also extend to the ability of anti-allergic and
other drugs to inhibit the histamine release process from a given mast cell type. For
example, CTMCs in the rat are stabilized by theophylline [281], as are human and
monkey lung and intestinal mast cells [282,283], while rat MMCs are not [281]. The
varying ability of drugs to modulate the release process has obvious clinical
implications, and may also provide clues as to the mechanism of the release process
in the different cell types.

The functional heterogeneity of rat mast cells has been clearly demonstrated by Pearce

et al [255]. Mast cells from rat intestinal mucosa are relatively non-responsive to a
variety of immunological and non-immunological secretagogues as compared to those
from other anatomical locations [255,256]. It is therefore the aim of the present study
to investigate whether this phenomenon also extends to the human GI tract, using
enzymic

dispersion

methods

to

isolate

mast

cells

from

the

mucosa

and

submucosa/muscle layers of the GI tract [281,283]. These cells are then characterized
in terms of their basic histochemical and functional properties. Moreover, they are
compared with those cells derived from macroscopically abnormal GI tissue of
patients with Crohn’s disease, thereby providing further information concerning the
occurrence of mast cell heterogeneity in the course of active disease processes.
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3.2 METHODS

All the methods used in this study were as described in chapter 2.

However, the macroscopically abnormal tissue used in this study was obtained from
patients with Crohn’s and was identified as tissue with inflamed mucosal surface.

3.3 RESULTS

3.3.1 Examination of mast cells from macroscopically normal and abnormal
(Crohn’s tissue) specimens

Tissue biopsies were taken of macroscopically abnormal and normal GI tract from
patients with Crohn’s disease. These biopsies were prepared by standard procedures
as described in chapter 2. A thin cross-section of the tissue was used to examine mast
cells under light microscopy, and to study any changes in cell numbers between the
macroscopically normal and abnormal tissue.

The mast cells in the normal tissue were sparse, while the abnormal tissue showed an
increase in cell number and also greater numbers of degranulated cells [Fig 3.1-3.3].
The numbers of mast cells in the abnormal tissue were approximately 5 fold greater
than the macroscopically normal tissue [Fig 3.1-3.3].

In particular, the mast cell

numbers in macroscopically normal tissue were 1.3 ± 0.4 x 10^ cells/cm^ human
colonic

mucosa

(HCM)

and

0.3

±0.1

x

10^

cells/cm^ human

colonic

submucosa/muscle (HCS), while the numbers in macroscopically abnormal tissue were
5.9 ± 0.8 X 10^ cells/cm^ (HCM, p< 0.01) and 1.2 ± 0.2 x 10^ cells/cm^ (HCS, p<

0 .01).
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3.3.2 Isolation and characterisation of mast cells from normal human colonic and
gastric tissue

Using an identical isolation procedure, free cell suspensions were obtained from both
colonic and gastric tissues. The enzyme dispersions yielded 1.2 ± 0.3 x 10^ (HCM)
and 0.6 ± 0.2 x 10^ (HCS), 1.5 ± 0.1 x 10^ human gastric mucosa (HGM) and 0.2 ±
0.1

X

10^ human gastric submucosa/muscle (HGS) mast cells per gram of wet tissue

(n= 6 ) [Table 3.1]. Mast cells comprised 6.9 ± 1.6, 7.6 ± 1.1, 7.8 ± 1 .4 and 8.2 ± 0.9

% (n= 6 ) of the total nucleated cells. The histamine contents per mast cell were 4.3
± 2.6, 2.0 ± 0.8, 3.9 ± 1 .5 and 1.3 ± 0.9 pg (n= 6 ), respectively.

Cells obtained from the four locations were structurally intact as judged under light
and electron microscopy, highly viable and exhibited low spontaneous releases of
histamine (<10 %) [Table 3.1].

Mast cells obtained from the human colonic and

stomach mucosa were predominantly sensitive to formaldehyde as a fixative while
approximately 60-80 % of those cells in the submucosa/muscle of the colon and
stomach were resistant to this treatment. Finally, mast cells from the four locations
were exclusively alcian blue positive and did not counterstain with safranin.

3.3.3 Isolation and characterisation of mast cells from macroscopically abnormal
colonic and gastric tissue

Using an identical isolation procedure, free cell suspensions were obtained from both
human colonic and gastric tissues. The enzymic dispersion yielded 2.8 ± 0.1 x 10^
(HCM), 0.8 ± 0.1

X

10^ (HCS), 2.0 ± 0.1 x 10^ (HGM) and 0.9 ± 1.3 x 10^ (HGS)

mast cells per gram of wet tissue (n= 6 ) [Table 3.2]. Mast cells comprised 9.0 ± 1.6,
5.3 ± 1.6, 8.4 ± 1 .2 and 2.0 ± 1.9 % (n= 6 ) of the total nucleated cells. The histamine
contents per mast cell were 4.0 ± 0.3, 1.6 ± 0.5, 4.3 ± 0.7 and 1.9 ± 0.3 pg (n= 6 ),
respectively.

Cells obtained from the four locations were structurally intact as judged under light
microscopy, highly viable and exhibited low spontaneous histamine release

( < 1 1

%)
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[Table 3.2]. Mast cells obtained from the human colonic and gastric mucosa were
predominantly sensitive to formaldehyde fixation while about 80 % of these cells in
the submucosa/muscle were resistant to this treatment. Finally, mast cells in the four
locations were exclusively alcian blue positive and did not counterstain with safranin.

3.3.4 Mediator release induced by anti-human IgE from human colonic and
gastric mast cells

Isolated mast cells from HCM and HCS released histamine in a dose-dependent
fashion when stimulated with anti-human IgE [Fig 3.4]. Maximal releases for the two
cell preparations were 47.2 ± 3 .9 and 26.7 ± 4.0 % (200 fold dilution), respectively.

In this study, the release of PGDj was measured together with the amine. In response
to anti-human IgE, both the colonic mucosa and the submucosa/muscle cells released
the prostanoid [Fig 3.5] in a concentration-dependent manner. Finally, the correlation
between the release of histamine and PGD 2 was tested, and was found to be highly
significant (p< 0.01) in both cases [Fig 3.6,3.7].

Similarly to the two colonic cell preparations, mast cells obtained from the human
stomach released histamine in a dose-dependent manner when stimulated with anti
human IgE [Fig 3.8]. The maximal secretions were 37.5 ± 1 .7 (HGM) and 34.7 ± 5.0
% (HGS), respectively.

3.3.5 Histamine release induced by anti-human IgE from human colonic and
gastric mast cells derived from macroscopically abnormal tissue recovered from
patients with Crohn’s disease

Mast cells isolated from macroscopically abnormal colonic tissue recovered from
patients with Crohn’s disease released histamine in a dose-dependent fashion in
response to stimulation with anti-human IgE [Fig 3.9]. Maximal releases for the two
cell preparations were 63.5 ± 5.9 (HCM) and 65.1 ± 6.9 % (HCS) (200 fold dilution),
respectively.
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Similarly, human stomach mast cells obtained from macroscopically abnormal Crohn’s
tissue released histamine in a dose-dependent manner when stimulated with anti
human IgE [Fig 3.10], reaching maximal secretions of 56.0 ± 6.3 (HGM) and 62.4 ±
9.2 % (HGS), respectively.

3.3.6 Histamine release induced by lectins from human colonic and gastric mast
ceils

Concanavalin A, a lectin which cross-links IgE by binding to sugar moieties in the Fee
region of the antibody, produced dose-dependent histamine release from mast cells
isolated from the HCM, HCS, HGM and HGS. The mucosal mast cell preparations
were the more responsive while the submucosa/muscle mast cells were less reactive.
The maximal histamine releases were 29.0 ± 1 .6 (HCM), 22.4 ± 4.5 (HCS), 32.5 ± 2.6
(HGM) and 25.4 ± 2.9 % (HGS) at the highest test concentration of 100 |ag/ml [Fig
3.11,3.12].

3.3.7 Histamine release induced by Ca^^ ionophores from human colonic and
gastric mast cells

The calcium ionophores A23187 and ionomycin induced a pronounced secretion of
histamine from HCM and HCS mast cells. In response to A23187, human colonic
mast cells produced a bell shaped curve, reaching maxima of 41.9 ± 0.6 (HCM) and
47.1 ± 4.5 % (HCS) at lO'^ M-5xlO ^ M [Fig 3.13].

The effect of ionomycin on HCM and HCS mast cells was similar to A23187,
producing bell shaped curves with maximal releases of 42.1 ± 2 . 1 (HCM) and 37.8
± 2.8 % (HCS) at 5x10^ M concentration [Fig 3.14].

The calcium ionophores A23187 and ionomycin also induced a pronounced secretion
of histamine from isolated HGM and HGS mast cells. Histamine release from the
gastric mast cells again followed bell shaped curves reaching maximal releases of 45.6
± 1.9 (HGM) and 44.7 ± 2.1 % (HGS) for A23187 (10"^ M -10^ M) [Fig 3.15] and
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45.3 ± 1.9 (HGM) and 48.5 ±2.1 % (HGS) for ionomycin (10 ^ M-10 ^ M) [Fig 3.16].

3.3.8 Histamine release by polybasic compounds and neuropeptides from human
colonic and gastric mast cells

The synthetic polyamine compound 48/80, a potent activator of rat serosal mast cells,
was found to be ineffective against mast cells from the HCM, HCS, HGM and HGS
[Table 3.3]. This pattern of non-responsivity with the various human histaminocytes
was also observed for the other basic agents studied, namely substance P [Table 3.4],
polymyxin [Table 3.5], vasoactive intestinal peptide (VIP) [Table 3.6] and the
polyamino acids polylysine and polyarginine [Table 3.7,3.8 ].

3.3.9 Histamine release induced by detergents and dextran from human colonic
and gastric mast cells

The detergent Triton X-100 was a potent, probably cytotoxic, releaser of histamine
from HCM, HCS, HGM and HGS mast cells [Fig 3.17,3.18].

Another detergent,

Tween-20 was similarly active but was rather more effective against HGM mast cells
[Fig 3.19,3.20]. Maximal releases were: 89.5 ± 3.8 (HCM), 95.0 ± 1 .1 (HCS), 97.2
± 4.1 (HGM) and 92.4 ± 3.7 % (HGS) for Triton X-100, and 93.5 ± 5.0 (HCM), 88.5
± 6.0 (HCS), 89.2 ± 3.9 (HGM) and 65.3 ± 5.6 % (HGS) for Tween-20 [Figs 3.173.20].

Dextran, a clinical plasma substitute, had no effect on any of the human
histaminocytes tested [Table 3.9].

3.3.10 Effects of DSCG and nedocromil sodium on histamine release from human
colonic and gastric mast cells

Both DSCG and nedocromil sodium produced dose-dependent inhibition of anti-human
IgE induced histamine release from tissue mast cells isolated from the HCM, HCS,
HGM and HGS.

The effects of DSCG on immunologically stimulated histamine

80
release from HCM and HCS mast cells were comparable after 0 min and 10 min of
preincubation and there was no evidence of tachyphylaxis [Fig 3.21,3-22]. The drug
also inhibited release from the HGM and HGS mast cells but the effect was now
somewhat reduced after 10 min preincubations [Fig 3.23,3.24].

The effects of nedocromil sodium on immunologically stimulated histamine release
from HGM, HCM and HCS mast cells were comparable, while HGS mast cells
showed less responsivity [Fig 3.25-3.28]. After 0 min and 10 min preincubation of
all cell types, tachyphylaxis was only evident with HCS mast cells.

The maximal inhibitions achieved with DSCG on immunologically stimulated colonic
and gastric mast cells were 51.1 ± 0 . 9 (HCM), 49.4 ± 1 . 8 (HCS), 44.6 ± 3.3 (HGM)
and 44.8 ± 6.0 % (HGS) [Fig 3.21-3.24].

The maximal inhibitions achieved with nedocromil sodium on immunologically
stimulated colonic and gastric mast cells were 39.1 ± 3.2 (HCM), 27.2 ± 1 . 8 (HCS),
36.7 ± 3.7 (HGM) and 18.4 ± 3.8 % (HGS) [Fig 3.25-3.28].

3.3.11 Effects of theophylline, isoprenaline and salbutamol on histamine release
from human colonic and gastric mast cells

Theophylline, a phosphodiesterase inhibitor, blocked histamine release from HCM,
HCS, HGM and HGS mast cells in a dose-dependent manner. HCM and HGM mast
cells were more responsive than HCS and HGS. The maximal inhibitions achieved
at the highest test concentrations (10 ^ M-IO "^M) of the drug were 98.2 ± 1 . 6 (HCM),
82.5 ± 2.3 (HCS), 80.3 ± 6.0 (HGM) and 46.1 ± 3.0 % (HGS) [Fig 3.29,3.30].

The mast cells also responded comparably to isoprenaline and salbutamol, the maximal
inhibitions achieved at the highest test concentrations (10'^ M-10 ^ M) of the drug were
52.3 ± 3.8 (HCM), 57.5 ± 5.0 (HCS), 62.8 ± 2.5 (HGM) and 57.5 ± 5.0 % (HGS) for
isoprenaline, and 45.0 ± 3 .1 (HCM), 49.2 ± 6.0 (HCS), 53.9 ± 2.5 (HGM) and 46.0
± 4,1 % (HGS) for salbutamol [Fig 3.31-3.34].
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3.3.12 Effects of cimetidine and ranitidine on histamine release from human
colonic and gastric mast cells

Cimetidine and ranitidine are used clinically as H 2 -receptor antagonists in the
treatment of peptic ulcer disease. However, they were also powerful inhibitors of anti
human IgE-induced histamine release from HCM, HCS, HGM and HGS mast cells.
The effects of both compounds were comparable after 0 min and 10 min of
preincubation, and in general there was no consistent evidence of tachyphylaxis. The
maximal inhibitions achieved at the highest test concentration for

0

or

1 0

min

preincubation were 89.7 ± 2.3 (HCM), 72.5 ± 1 .5 (HCS), 82.3 ± 1 . 8 (HGM) and 51.0
± 1.8 % (HGS) for cimetidine, and 87.1 ± 5.0 (HCM), 74.9 ± 7.1 (HCS), 86.3 ± 4.0
(HGM) and 64.4 ± 2.6 % (HGS) for ranitidine [Fig 3.35-3.42].

3.4 Discussion

This study has demonstrated that functionally active mast cells may be isolated by
enzymic dispersion of macroscopically normal and abnormal HCM, HCS, HGM and
HGS. Isolated cells from the four locations were highly viable, structurally intact as
judged under light and electron microscopy and exhibited a low spontaneous release
of histamine. Moreover, these cells have been characterized in terms of their basic
histochemical properties and their functional responses to a number of immunological
and non-immunological histamine liberators and inhibitors.

The study of normal and abnormal specimens from the GI tract has allowed us to
consider the importance of the mast cell in IBD. The aetiology of IBD (Crohn’s
disease and ulcerative colitis) is unknown but a number factors of genetic,
environmental and dietary nature have been implicated in the expression of the
disorder [284]. The involvement of the GI mast cell in these inflammatory conditions
is controversial and information has mainly been obtained from studies on biopsies of
actively inflamed tissues. In general, there is now some agreement that an increase
in intestinal mast cell numbers occurs in patients suffering from ulcerative colitis
[285]. In contrast, the situation with respect to Crohn’s disease is far from clear cut.
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Studies undertaken by Sanderson et al [286] have shown a decrease in mast cell
numbers and histamine content of the GI tract in this condition, while Raithel et al
[287] and Schmidt and Leder [288] reported a prominent increase in histamine
content.

The present study showed a 4-5 fold increase in mast cell numbers in

macroscopically abnormal tissue biopsies of Crohn’s patients. The enzymic dispersion
of normal and abnormal tissue showed an overall increase in histamine recovery for
macroscopically abnormal colonic and gastric mucosa. This effect was possibly due
to the changes which occurs to the mucosal matrix in this inflammatory condition.
However, mast cell numbers isolated from dispersed tissue were only slightly greater
for the mucosa of macroscopically abnormal colon and stomach and actually less for
the submucosa/muscle of these organs. The reasons for this effect are not clear but
could reflect a migration of mast cells from the muscle layer to the mucosa in IBD.

Mast cells from various anatomical locations of the macroscopically normal GI tract
contained similar amounts of histamine in their secretory granules. The histamine
content of mast cells of the colonic mucosa (4.3 ± 2.6 pg) and submucosa/muscle (2.0
± 0.8 pg) was sihiilar to the stomach mucosa (3.9 ± 1 . 5 pg) and submucosa/muscle
(1.3 ± 0.9 pg). This similarity in histamine content is seen in other human tissue mast
cells such as lung parenchyma [289]. Hence, it is not a useful property for defining
mast cell subtypes in the human.

Mast cells isolated from the colon and stomach region of the GI tract consisted of two
types based on their formaldehyde sensitivity, those isolated from the colonic and
gastric mucosa being predominantly susceptible to formaldehyde fixation, while the
colonic and gastric submucosa/muscle contained about 60-80 % formaldehyde resistant
mast cells. This figure is somewhat smaller than that given by Rees et al in 1988
[290] who reported formaldehyde insensitivity of mast cells in the colonic muscle in
excess of 90 %. A possible reason for this discrepancy is the different fixation times
used in the two studies, namely 24 h as compared to 2 h.

A characteristic histochemical property of the mast cell is its ability to exhibit
metachromasia when stained with a number of cationic dyes, including toluidine blue
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and alcian blue.

The metachromatic staining is thought to reflect a selective

interaction of the dyes with the mast cell granules, which are largely made up of
highly charged proteoglycan molecules complexed with a basic protein core. To date,
the property of metachromasia has been demonstrated in all mast cells examined.
However, the requirement for its expression may vary in different tissues and
anatomical sites. This variation was shown by Enerback using different conditions of
both fixation and staining to demonstrate metachromasia in rat mast cells from various
locations [273-275,291-293].

Differences between CTMCs and those in mucosal sites have also been revealed by
using a combination of the dyes toluidine blue or alcian blue and safranin. Maturation
of rat mast cells with increasing sulphation of the proteoglycan leads to increased
affinity for safranin, and the blue staining by alcian blue can be progressively
displaced by the red of safranin. Mast cells in the skin of the rat have granules that
stain red with safranin whereas the cells in the intestinal mucosa only stain with alcian
blue using this technique [294].

The histochemical distinctions described between the two mast cell classes identified
in the rat provide a particularly clear cut example of mast cell heterogeneity.
Moreover, the two subsets of mucosal and connective tissue cells are anatomically
restricted to their respective sites. However, this is not the case in the human where
there is a variation in histochemical properties along the GI tract [238,295] and both
formalin-sensitive and formalin-insensitive cells are found in all layers of the small
and large intestine [295].

Mast cell stimulation, by cross-linkage of cell-surface IgE by anti-human IgE, caused
a dose-dependent histamine release from mast cells isolated from the macroscopically
normal and abnormal HCM and HCS. The mast cells isolated from macroscopically
abnormal tissue were more responsive to anti-human IgE than the cells isolated from
the macroscopically normal tissue.

The mechanisms underlying this increased

responsivity are unknown, but may relate to an increase in the proportion of large,
activated lymphocytes seen in association with small lymphocytes, plasma cells and
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mast cells in IBD [296]. These activated lymphocytes may release cytokines which
could upregulate the mast cells in the diseased state.

Mast cells obtained from the mucosa and submucosa/muscle of the colon and stomach
released histamine in a dose-dependent fashion in response to stimulation with the
lectin, concanavalin A. In each case, the colonic and gastric mucosal mast cells were
more responsive.

The mechanisms underlying this difference in responsivity are

unknown, but may relate to IgE receptor density on the cell types, a phenomenon
which has been clearly demonstrated in rat mast cells [297].

In addition to the secretion of histamine, the newly generated mediator PGD 2 was also
dose-dependently released from the two colonic cell preparations upon stimulation
with anti-human IgE.

The histamine release was positively correlated to the PG

release, showing that both mediators are probably derived from mast cells. It has been
demonstrated by Fox et al [33] that human intestinal MMCs can also produce LTs,
mainly in the form of LTE 4 . This differs somewhat from lung parenchymal cells, in
which LTC 4 predominates [298].

Freshly isolated mast cells from the HCM, HCS, HGM and HGS also released
histamine upon stimulation with the calcium ionophores A23187 and ionomycin.
These results suggest that, in each case, an elevated level of the cation in the cell
cytosol is a necessary and sufficient trigger for secretion. The effects of the calcium
ionophores on HCM, HCS, HGM and HGS mast cells were very similar and the dosedependent curves were all bell shaped. The reasons for the reduced response at higher
concentrations of ionophore are not obvious but may reflect an excessive transport of
calcium under these conditions. This effect could lead to a general blockade of cell
function or an inhibition, rather than activation, of CaM.

The inability of the synthetic polyamine compound 48/80 to activate HCM, HCS,
HGM and HGS mast cells has been clearly demonstrated in the present and previous
work. In addition to its ineffectiveness as a histamine releaser, this polybasic agent
also fails to release newly generated eicosanoids such as PGD 2 and LTC4 from mast
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cells isolated from the human GI tract [33]. Moreover, the other basic agents studied,
namely polymyxin, substance P, VIP, polylysine and polyarginine produced negligible
release of histamine from HCM, HCS, HGM and HGS mast cells. These results do
not therefore support a generalized model of neurogenic inflammation involving mast
cell-peptide interactions in the human GI tract. However, mast cells from the skin are
sensitive to basic neuropeptides and may participate in cutaneous neurogenic responses
[258].

The detergents Triton X-100 and Tween-20 are members of a group of mast cell
secretagogues collectively known as non-selective releasers [45,46]. These agents are
cytotoxic and exert their action by disrupting the mast cell membrane, thereby
liberating all of the intracellular contents including histamine. In keeping with this
mechanism, Triton X-100 was potent releaser of histamine from all four human mast
cell preparations. Tween-20, in contrast, was most potent against the colonic and
gastric mucosal mast cells, suggesting that there may be possible structural differences
in the cell membranes between the various mast cell populations.

The polysaccharide dextran has been employed clinically as a plasma substitute and
blood volume expander. Adverse reactions to dextran have been observed in man but
the extent to which they involve mediator release is controversial. The present study
has demonstrated that dextran is an ineffective releaser of histamine from HCM, HCS,
HGM and HGS mast cells. These data therefore support the theory that the systemic
reaction induced by dextran in man is not mast cell mediated, or that it is a genuine
IgE-mediated anaphylactic response in a certain group of sensitized patients [299].

In total, the present results clearly demonstrate that, apart from some differences in
their histochemical properties, isolated human tissue mast cells from the HCM, HCS,
HGM and HGS are functionally extremely similar, notably in their responses to a
number of immunological and non-immunological secretagogues. This study was then
extended to examine the effects of a number of anti-allergic compounds.
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DSCG was first introduced as an anti-allergic drug in the United Kingdom in 1967
and has been employed in the treatment of a number of allergic disorders ranging
from asthma to food allergy [300]. The clinical utility of the drug is undoubtedly
complex but has been generally attributed at least inpart to its ability to inhibit
mediator release from tissue mast cells. As is well known, the drug is a very potent
inhibitor of immunologically stimulated histamine release from RPMCs and pleural
mast cells [255].

In contrast, the compound is significantly less active against

peritoneal cells from the hamster and totally ineffective against those cells from the
mouse [255,301]. Moreover, bone marrow-derived mouse mast cells, tissue mast cells
from the guinea pig and rat, intestinal mast cells of the rat and non-human primates,
and human basophils are only weakly responsive or essentially insensitive towards the
chromone [255,302,303].

The effect of DSCG on isolated human mast cells has been the subject of intense
research. It is now generally accepted that higher concentrations of the chromone are
required to inhibit IgE-dependent histamine release from these cells as compared to
rat serosal mast cells. Leung et al [304,305] and Church and Hiroi [306] have shown
that DSCG is active on dispersed human lung parenchymal mast cells and the
compound also inhibits histamine secretion from lung mast cells recovered by BAL.
Moreover, the BAL cells are significantly more sensitive to the chromone than the
parenchymal cells and, more importantly, exhibit no tachyphylaxis upon preincubation
with the drug.

Tachyphylaxis is not observed with this drug in the treatment of

asthma, suggesting that the site of action in vivo is the lavage mast cell, which is
presumably the first to encounter allergen, rather than the mast cells in the lung
parenchyma.

The effect of DSCG on isolated human colonic and gastric mast cells, unlike their
lung counterparts, is more confusing. In the present study, DSCG effectively inhibited
inununologically stimulated histamine release from HCM, HCS, HGM and HGS mast
cells. In contrast. Fox et al [283] reported the chromone to have no effect on human
intestinal MMCs whereas, Befus et al [277] observed weak inhibition of histamine
release from these cells at high drug concentrations. In the former study, DSCG was
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preincubated with the cells for 5 minutes before challenge whereas, in the latter study,
the drug was added concurrently with the stimulus and the effect of preincubation was
not assessed.

The results of the present study were in total contrast to these two

previous reports. Moreover, the inhibition of histamine release from the HCM and
HCS mast cells was maintained with preincubation, suggesting the cells in this respect
to be functionally similar to the BAL cell. The effect of DSCG on histamine release
from HGM and HGS mast cells showed some tachyphylaxis with preincubation
suggesting the cells in the stomach to be functionally dissimilar to the mast cells from
the colon. Possibly, the gastric cells contain a range of subtypes, including a greater
proportion of a cromoglycate-resistant population. In total, the ability of DSCG to
inhibit IgE-dependent histamine release from colonic and gastric mast cells may
constitute a component of its therapeutic effect in allergic and inflammatory diseases
of the human GI tract.

Nedocromil sodium is a pyranoquinoline dicarboxylic acid with similar properties to
DSCG and is thought to exert its effect via a comparable mechanism [276,307,308].
The present study showed nedocromil sodium to be an effective inhibitor, albeit rather
less potent than DSCG, of immunologically stimulated histamine release from HCM,
HCS, HGM and HGS mast cells. Significant tachyphylaxis was observed only with
the HCS cells.

In contrast to the present results, Befus et al [277] reported

nedocromil sodium to be an ineffective inhibitor of histamine release from dispersed
intestinal MMCs when added concurrently with the challenge. The reasons for this
difference are again not known.

It is important to mention that the apparent activity of the cromoglycate like
compounds varies markedly and inversely with the magnitude of the induced secretory
response.

This phenomenon has important clinical implications since, for purely

practical reasons of measurement, in vitro studies produce induced immunological
releases of histamine in the range of 15-40 %. Secretion of this magnitude probably
never occurs in vivo, and the amount of histamine released in the most severe cases
of inflammation and gastric acid secretion is likely to be less than 5 % of the total
gastric content of the amine. Under these conditions, the potency of both nedocromil
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sodium and DSCG is likely to be considerably greater than that measured by in vitro
experiments.

The methylxanthine theophylline, a potent phosphodiesterase inhibitor, blocked
histamine release in a dose-dependent fashion from mast cells derived from the HCM,
HCS, HGM and HGS. Theophylline has also been shown to inhibit histamine release
from RPMCs and histaminocytes from a number of other species including the human
[309].

In addition, (3-adrenoceptor agonists such as isoprenaline and salbutamol

inhibited histamine release from HCM, HCS, HGM and HGS mast cells in a dosedependent fashion.

Agents which elevate intracellular levels of cAMP have

traditionally been associated with the inhibition of mediator release from the mast cell.
The results of the present study clearly agree with this concept. However, this view
has been questioned by other studies which showed that (3-adrenoceptor agonists are
ineffective in inhibiting histamine release from rat mast cells derived from various
anatomical locations [310,311]. The situation with regard to human mast cells is more
in line with the original concept [306].

The Hj-receptor antagonists cimetidine and ranitidine were found to block, to varying
degrees, anti-human IgE induced histamine release from isolated mast cells of the
HCM, HCS, HGM and HGS. The compounds have also shown comparable activity
against mast cells from the mesentery and lung of rodents, whereas those from the rat
intestine exhibited a much lower sensitivity [312].

It has been proposed that the

inhibitory action of these agents is due to their intercalation into the lipid bilayer in
such a way as to stabilize the cell membrane, thereby preventing the fusional changes
involved in exocytosis [313,314,333].

In total, the present study demonstrates the limitations of the simple classification of
mast cells into MMC and CTMC.

These terms were originally employed in the

description of the two distinct mast cell types in the GI tract of the rat but have now
been extended far beyond their original meaning.

In some cases they are used to

classify mast cells specifically on their location. Clearly, this may be incorrect and
misleading since mast cells from different connective tissue of the human and rat
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exhibit variations in their functional responsiveness [234,278].

The present

investigation further demonstrates that, in contrast to the situation in the rat,
enzymically isolated HCM, HCS, HGM and HGS mast cells are, in many respects,
functionally similar in their responses to a number of immunological and nonimmunological secretagogues and inhibitors. Some slight histochemical differences,
however, were observed, notably in their sensitivities toward formaldehyde fixation.

The situation is further complicated by the changes that may occur in the course of
inflammatory disease processes. Mast cell numbers were found to be increased in
actively involved areas of Crohn’s disease and these cells were found to have rather
different histochemical properties and an enhanced response to immunological
stimulation. The origin of these changes, which may reflect the action of lymphocyte
derived cytokines, awaits further investigation.
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Fig 3.1

Light m icroscopy of a cross-sectional biopsy from

macroscopically normal colonic tissue from a patient with
C rohn’s disease (Magn. 400 X)
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Fig 3.2

Light microscopy of a cross-sectional biopsy from a

macroscopically abnormal colon of a patient with C rohn’s disease
(Magn. 400 X)
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Fig 3.3

A mast cell observed by light microscopy of a cross-

sectional biopsy of macroscopically abnormal colonic tissue from
a patient with Crohn’s disease (Magn. 1000 X)
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Fig 3.4 Histamine release induced by anti-human IgE from human
colonic mucosal (HCM) and submucosa/muscle (HCS) mast cells (n=3)
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Fig 3.5 Prostaglandin release induced by anti-human IgE from human
colonic mucosal (HCM) and submucosa/muscle (HCS) mast cells (n=3)
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Fig 3.6 The correlation between histamine and prostaglandin
release from human colonic mucosal (HCM) mast cells stimulated
with anti-human IgE (n=3)
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Fig 3.7 The correlation between histamine and prostaglandin
release from human colonic submucosa/muscle (HCS) mast cells
stimulated with anti-human IgE (n=3)
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Fig 3.8 Histamine release induced by anti-human IgE from human
gastric mucosal (HGM) and submucosa/muscle (HGS) mast cells (n=4)
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Fig 3.9 Histamine release induced by anti-human IgE from human
colonic mucosal (HCM) and suhmucosa/muscle (HCS) mast cells derived
from macroscopically abnormal tissue recovered from patients with
Crohn's disease (n=4)
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Fig 3.10 Histamine release induced by anti-human IgE from human
gastric mucosal (HGM) and suhmucosa/muscle (HGS) mast cells
derived from macroscopically abnormal tissue recovered from
patients with Crohn’s disease (n=4)
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Fi g 3 . 1 2 H i s t a m i n e r e l e a s e i n d u c e d by c o n c a n a \ a l i n A f r o m h u m a n
g a s t r i c m u c o s a l ( H G M ) a n d s u b m u c o s a / m u s c l e ( H G S ) m a s t c e il s ( n = 4 )
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F i g 3 . 1 3 H i s t a m i n e r e l e a s e i n d u c e d by .A231S7 f r o m h u m a n c o l o n i c
m u c o s a l ( H C M ) a nd s u b m u c o s a / m u s c l e ( H C S ) m a s t c e ll s ( n = 6 )
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F i g 3 . 1 4 H i s t a m i n e r e lea se i n d u c e d by io m o m y c in f r o m h u m a n
co lo n ic ( H C M ) m ucosal and s u b m u c o s a /in u s c le ( H C S ) m a s t cells (n=4)
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F i g 3 . 1 5 H i s t a m i n e r e le as e i n d u c e d by A 2 3 1 S 7 f r o m h u m a n g a s tr i c
m u c o s a l ( H G M ) a nd s u b m u c o s a / m u s c l e ( H G S ) m a s t c e l l s ( n = 4 )
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F i g 3 . 1 6 H i s t a m i n e r e le a s e i n d u c e d by i o n o m y c i n f r o m h u m a n g a s tr i c
m u c o s a l ( H G M ) and su b m u c o sa /m u sc le (H G S) m ast cells (n=4)
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Fig 3.17 Histamine release induced by Triton X-lOO from human
colonic mucosal (HC.M) and submucosa /muscle (HCS) mast cells (n=4)

HCM

HCS

•10

•0.2

*0.0

0.2 ..

0.4

0.6

0.8

Triion X-IQO (ug./ml)

1.0

1.2

107

F i g 3 . 1 8 H i s t a m i n e r e lea se i n d u c e d by T r i t o n X - 1 0 0 f r o m h u m a n g a s t r i c
m u c o s a l ( H G M ) a n d s u b m u c o s a / m u s c l e ( H G S ) m a s t c e ll s ( n = 4 )
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Fig 3.19 Histamine release induced by Tween-20 from human colonic
mucosal (HCM) and submucosa/muscle (HCS) mast cells (n=4)
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Fi g 3 . 2 0 H i s t a m i n e r e le a s e i n d u c e d by T \ \ e c n - 2 0 f r o m h u m a n g a s tr i c
m u c o sa l ( H G M ) and s u b m u c o s a /m u s c le (H G S) m a st cells in=4)
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F i ” 3.21 Effect o f DSCG on h is ta m in e re lease f r o m h u m a n
coFonic m u c o s a l ( H C M ) m a st cells s ti m ul a t e d wit h an op tim a l
a m o u n t o f a n t i- h u m a n I« E ( 2 0 0 -3 0 0 fold d i l u t i o n ) (n =6).
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Fig 3 .2 2 Effect of D S C G on h is ta m in e rele as e f r o m h u m a n
c o l o n i c s u b m u c o s a / m u s c l e ( H C S ) m a st cells s t i m u l a t e d with an
o p t i m a l a m o u n t o f a n t i - h u m a n IgE (2 00 -3 00 fold d i l u t i o n ) (n=6)
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Fiii 3. 2 3 Effect o f D S C G on hi sta m in e release f r o m h u m a n
g a s tr i c m u c o sa l ( H G M ) m ast cells stim ula te d with an op tim a l
a m o u n t o f a n t i- h u m a n I gE ( 2 0 0 -3 0 0 fold d i lu t i o n ) (n=4)
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Fig 3.24 Effect o f D S C G on h i s t a m i n e release f r o m h u m a n
g a s tr i c s u h m u c o s a / m u s c l e ( H G S ) m a s t cells s t i m u l a t e d with an
o p t i m a l a m o u n t o f a n t i - h u m a n I g E ( 2 0 0 -3 0 0 fold d i lu ti o n ) (n=6)
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Fi;: 3.25 Effect o f nedocromil s o d i u m on h is ta m in e r e le a s e
from h u m a n c o l o n i c mucosal (HC.M) mast cells s t i m u l a t e d wi t h an
o p t im a l a m o u n t o f ant i-h um an IgE ( 2 0 0 -3 0 0 fold d i l u t i o n ) (n=6)
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Fig 3 .2 6
Effect o f n e d o c r o m i l s o d i u m on h i s t a m i n e r e lea se
fro m h u m a n co lo n ic s u b m u c o s a / m u s c l e ( H C S ) m a s t cells s ti m u la t e d
wi t h an o p t i m a l a m o u n t o f a n t i - h u m a n IgE ( 2 0 0 - 3 0 0 fold dilution) ( n=6 )
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Fig 3.2 7 Effect of n e d o c r o m i l so d i u m on h i s t a m i n e release from
h u m a n gas tri c mu cosal ( H G M ) mast cells s ti m u la t e d with an opt im al
a m o u n t o f a n t i- h u m a n IgE ( 2 0 0 -3 0 0 fold d i lu tio n) (n=6)
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Fi g 3 .2 8
Effect o f n ed oc ro mi l s o d i u m on h i s t a m in e r e l e a s e from
h u m a n g a s t r i c s u b m u c o s a / m u s c l e ( H G S ) m ast cells s t i m u l a t e d
w it h an o p t i m a l a m o u n t a n t i - h u m a n IgE (2 0 0 -3 0 0 fold d ilu ti o n ) ( n=6 )

0 min

20

] 0 min
-

N cJocrom il sodium (M)

118

Fig 3.29 Effect of theophylline on histamine release
from human colonic mast cells stimulated with anti-human IgE
(200-300 fold dilution). The cells were preincubated with the drug for
10 min before challenge (n=4)
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Fi” 3.30 Effect of theophylline on histamine release
from human gastric mast cells stimulated with anti-human IgE
(200-300 fold dilution). The cells were preincubated with
the drug for 10 min before challenge (n=4)
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Fig 3.31 Effect of isoprenaline on histamine release from
human colonic mast cells stimulated with anti-human IgE
(200-300 fold dilution). The cells were preincubated with
the drug for 10 min before challenge (n=4 )
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Fig 3.32 Effect of isoprenaline on histamine release
from human gastric mast cells stimulated with anti-human IgE
(200-300 fold dilution). The cells were preincubated with
the drug for 10 min before challenge (n=4)
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Fi" 3.33 Effect of snlbutamol on histamine release from human
colonic mast cells stimulated with anti-human I"E
(200-300 fold dilution). The cells were preincubated with
the drug for 10 min before challenge (n=4)
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Fig 3.34 Effect of salbutamol on hislamine release from human
gastric mast cells stimulated with anti-human IgE
(200-300 fold dilution). The cells were preincubated with
the drug for 10 min before challenge (n=4)
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F ig 3. 3 5 Effect of cime tidine on histam ine r e le a s e f r o m h u m a n
c o l o n i c m u c o s a l ( H C M ) mast cells sti m ul a te d w i t h a n o p t i m a l a m o u n t
o f a n t i - h u m a n IgE (20 0-3 00 fold dilution) ( n=6 )
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Fi g 3 .3 6 Effect o f c im e ti d i n e on his tam in e r e l e a s e f r o m h u m a n
c o l o n i c s u b m u c o s a / m u s c l e (H C S ) mast cells s t i m u l a t e d with an
o p t i m a l a m o u n t of a n t i - h u m a n IgE ( 2 00 -3 00 fold d i lu ti o n ) ( n=6 )
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Fig 3. 3 7 Effect o f c im e ti d i n e on hi sta m in e r e le a s e f r o m h u m a n
g a s tr i c m u c o s a l (HG.M) m a s t cells sti m u la t e d w i t h a n op t im a l
a m o u n t o f a n t i - h u m a n IgE ( 20 0- 30 0 fold d i lu t i o n ) ( n = 6 )
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Fig 3 . 3 8 Effect of c im e ti d i n e on his lam in e r e le a s e f r o m h u m a n
g a s t r i c s u b m u c o s a / m u s c l e ( H G S ) mast cells s t i m u l a t e d with an
o p t i m a l a m o u n t of a n t i - h u m a n IgE (20 0-3 00 fold d i lu t i o n ) ( n=6 )
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Fig 3.39 Effect o f ra ni tid in e on hi sta m in e r e le a s e f r o m h u m a n
c o l o n i c m u c o sa l ( H C M ) m ast cells s ti m ul at e d w i t h an op t im a l
a m o u n t o f an t i- h u m a n IgE (20 0-3 00 fold d i l u t i o n ) (n =6)
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Fig 3 . 4 0 Effect o f ranitidine on h is ta m in e re lease f r o m h u m a n
c o l o n i c s u b m u c o s a / m u s c l e ( H C S ) m ast cells s t i m u l a t e d wit h an o p t i m a l
a m o u n t o f a n t i- h u m a n IgE ( 2 0 0 - 3 0 0 fold d i lu ti o n ) ( n = 6 )
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Fi g 3.41 Effect o f ra ni tid in e on histamine r e le a s e f r o m h u m a n
g a s t r i c m u c o s a l ( H G M ) m as t cells stim ulated w i t h an opt imal
a m o u n t o f a n t i - h u m a n I g E ( 2 0 0 -3 0 0 fold d i l u t i o n ) (n= 6)
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Fig 3 . 4 2 Effect o f ranitidine on histamine re lease f r o m h u m a n
g a s t r i c s u b m u c o s a / m u s c l e ( H G S ) mast cells s t i m u l a t e d wi th
an o p t i m a l a m o u n t o f a n t i - h u m a n IgE ( 2 0 0 -3 0 0 fold di lu tio n) (n = 6 )
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Table 3.1 Som e basic properties of hum an m ast cells isolated from
the colonic m ucosa (HCM) and subm ucosa/m uscle (HCS) and
gastric m ucosa (HGM) and subm ucosa/m uscle (H G S) of
. m acroscopically normal hum an tissue (n=6)

Human tissue mast cells
Properties

HCM

HCS

HGM

HGS

18.3 ± 0 .9

8.9 ± 4.3

21.6 ± 4 .0

7.3 ± 1.2

1.2 ± 0 .3

0.6 ± 0.2

1.5 ± 0 .1

0.2 ±0 .1

6.9 ± 1.6

7.6 ±1.1

7.8 ± 1.4

8.2 ± 0.9

90.6 ± 2.0

97.0 ± 2.5

98.3 ± 1.4

96.8 ± 1.4

9.2 ± 1.7

6.1± 0.9

3.4 ± 1.2

5.4 ± 2.3

4.3 ± 2.6

2.0 ± 0.8

3.9 ± 1.5

1.3 ± 0 .9

96.2 ± 1.2 .

37.4 ± 1.1

94.6 ± 2 .1

22.0 ± 1.8

0.0 ± 0.0

0.0 ± 0.0

0.0 ± 0.0

0.0 ± 0.0

exam ined
dispersion
efficiency (%)
mast cells
recovered
xlO®/g tissue
mast cells
(% total)
viable cells
(% total)
spontaneous
histam ine
release (%)
histam ine
(pg/m ast
cell)
form alin
sensitive (%)
safranin
positive (%)
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T able 3.2 Som e basic properties o f hum an m ast cells isolated
from the colonic m ucosa (HCM) and su bm ucosa/m uscle (HCS)
and gastric m ucosa (HGM) and subm ucosa/m uscle (HGS) of
m acroscopically abnormal tissu es recovered from p atients w ith
Crohn's d isease (n=6)

Human tissue mast cells
Properties

HCM

HCS

HGM

HGS

26.9 ±2.1

8.9 ± 1.8

32.9 ± 1.1

10.7 ± 0 .9

2 g ± 0.\

0.8 ±0 .1

2.0 ±0.1

0.9 ± 1.3

9.0 ± 1.6

5.3 ± 1.6

8.4 ± 1.9

2.0 ± 1.9

97.0 ± 1.2

92.2 ± 1.9

98.9 ± 1.2

90.1 ± 3 .3

4.8 ± 3.1

10.9 ± 1.2

9.8 ± 1.9

10.4 ± 2.0

4.0 ± 0.3

1.6 ± 0 .5

4.3 ± 0.7

1.9 ± 0 .3

92.6 ± 1.1

22.9 ± 1.7

84.1 ± 0 .9

19.1 ± 3.2

exam in ed
dispersion
efficiency (%)
mast cells
recovered
xlO* /g tissue
mast cells
(% total)
viable cells

(% total)
spon tan eou s
h istam in e
release (%)
h istam in e
(pg/m ast
cell)
form alin
sensitive (%)
safranin
p o s itiv e (%)

0 . 0

±

0 . 0

0 . 0

±

0 . 0

0 . 0

±

0 . 0

0 . 0

±

0 . 0

134
Table 3.3 Histamine release from human colonic and gastric
mucosal mast cells induced by compound 48/80 (n=4)

H um an tissue mast cells

HCM

HCS

1.00

4.7 ± 1.4

3.6 ± 1.7

4.3 ± 1 . 0

0.75

1.9 ± 3.0

3.9 ± 1.1

4.7 ± 1.5

1.8 ± 0.8

0.50

L 8 .± 1.7

-2.2 ± 1.8

4.0 ± 1.8

2.2 ± 0.5

0.25

2.0 ± 3.8

-1 .6 ± 1.2

4.1 ± 1.0

0.3 ± 0.8

0.01

1.1 ± 4.5

1.6 ± 1.5

3.0 ± 0.7

0.2 ± 0.6

0.015

-4.8 ± 2.5

1.0 ± 1.9

2.9 ± 1.2

1.0 ± 0.2

0.005

1.1 ± 3.3

3.8 ± 1.5

1.8 ± 0.6

0.5 ± 0.4

0.0025

-7.9 ± 2.7

2.1 ± 1.8

0.6 ± 0.5

0.3 ± 0.5

Concentration

HGS

HGM

(jig/m l)

.

2.0 ± 0.5
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Table 3.4 Histamine release from human colonic and gastric
mucosal mast cells induced by substance P (n=4)

H um an tissue mast cells

Concentration

HCM

HCS

HGM

HGS

50

-1 .8 ± 3.0

1.2 ± 3.9

2.3 ± 3.4

—6.8 ± 5.6

10

0.5 ±' 5.6

-1.3 ± 1.8

1.1 ± 1.8

-1 .7 ± 4.8

5

1.5 ± 2.3

1.9. ± 2.1

-4.7 ± 3.0

2.7 ± 3.0

1

1.9 ± 1.8

0.8 ± 3.2

1.5 ± 4.8

1.4 ± 1 . 8

0.1

3.0 ± 1.9

7.7 ± 5.6

1.9 ± 3.1

5.6 ± 3.3
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Table 3.5 Histamine release from human colonic and gastric
mucosal mast cells induced by polymyxin (n=4)

Hum an tissue mast cells

HCM

HCS

HGM

100

1.7 ± 1.2

1.1 ± 1.1

3.3 ± 1.6

-1 .6 ± 3.0

33.3

4.2 ± 1.9

1.6 ± 0.9

4.9 ± 1.8

. 2.9 ± 1.8

10

1.6 ± 1.1

1.3 ± 1.6

4.4 ± 1.8

3.3 ± 1.1

3.3

2.7 ± 2.6

1.2 ± 2.0

2.6 ± 2.9

- 2.2 ± 3.6

1.0

1.4 ± 2.0

0.9 ± 1.2

0.6 ± 4.3

1.2 ± 1.4

0.1

1.2 ± 4.2

4.1 ± 0.5

0.9 ± 2.1

1.9 ± 0.3

Concentration

HGS

(pig/ml)
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Table 3.6 Histamine release from human colonic and gastric
mucosal mast cells induced by vasoactive intestinal peptide (n=4)

H um an tissue mast cells

HCM

HCS

HGM

HGS

50

-2.9 ± 3.5

5.6 ± 4.4

1.4 ± 3.4

7.1 ± 1.0

10

-1.0 ± 0.7

2.8 ± 5.9

1.4 ± 1.8

1.0 ± 1.7

5

1.0 ± 0.4

1.4 ± 1.0

4.6 ± 3.0

1.9 ± 5.8

1

6.0 ± 0.5

0.7 ± 0.6

6.6 ± 4.8

2.4 ± 2.1

0.1

3.2 ± 0 .3

1.1 ± 0.6

6.4 ± 3 . 1

2.6 ± 1.6

0.01

3.0 ± 1.0

0.5 ± 0.3

1.5 ± 3.7

2.4 ± 4.6

Concentration
(HM)
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Table 3.7 Histamine release from human colonic and gastric
mucosal mast cells induced by polylysine (n=4)

Human tissue mast cells

Concentration

HCM

HCS

HGM

HGS

(p g /m l)

100

5.9 ± 3.8

-4 .0 ± 2.9

-3.7 ± 3 . 8

■ 5.2 ± 1.5

33.3

-2.3 ± 0.7

-1.3 ± 0.9

2.6 ± 4.3

5.8 ± 3.2

10

-2 .0 ± 0.9

5.0 ± 3.2

-6.0 ± 1.3

1.7 ± 1.6

3.3

-2.1 ± 3.4

■ 2.9 ± 3.4

-1.4 ± 0.9

-1.5 ± 2.5

1.0

1.5 ± 4.0

-11.9 ± 2.1

1.9 ± 4.3

-3 .0 ± 1.3

0.1

2.5 ± 1.6

-12.3 ± 3.9

4.1 ± 2.4

2.0 ± 2.8

139
Table 3.8 Histamine release from human colonic and gastric
mucosal mast cells induced by polyarginine (n=4)

Hum an tissue mast cells

HCM

HCS

100

2.3 ± 2.5

6.2 ± 4.8

3.9 ± 0 . 9

-2.7 ± 3.0

33.3

1.7 ± 1.7

1.1 ± 0.5

3.4 ± 3.7

-1 .0 ± 1.9

10

4.7 ± 1.2

-8.4 ± 2.5

4.5 ± 0.6

-1 .0 ± 0 .9

3.3

1.5 ± 0.9

-2.7 ± 4.3

3.9 ± 1.0

6.0 ± 0.5

1.0

3.2 ± 3.0

-1.7 ± 3.5

1.3 ± 3.5

2.3 ± 1.3

0.1

0.9 ± 1.5

0.9 ± 3.3

1.0 ± 1.2

1.1 ± 2 .5

Concentration

HGM

HGS

(p g /m l)
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Table 3.9 Histamine release from human colonic and gastric
mucosal mast cells induced by dextran (n=4)

Human tissue mast cells

Concentration

HCM

HCS

HGM

HGS

([ig/m l)

10

4.0 ± 5.8

0.2 ± 4.9

1.4 ± 4.1

5.7 ± 2.3

3.3

2.8 ± 6.9

-2.6 ± 5.3

-7.9 ± 4.4

-2 .7 ± 2.0

1

0.8 ± 2.6

3.4 ± 6.5

1.7 ± 3.0

0.4 ± 1.3

0.3

0.3 ± 2.4

2.5 ± 3.0

6.3 ± 3.0

3.0 ± 2.5

0.1

3.3 ± 2.7

2.8 ± 3.7

5.7 ± 2.2

3.9 ± 2.0

CHAPTER 4

Effect of a range of therapeutic
compounds used in gastrointestinal
disorders on histamine release from
mast cells and basophils

142
4.1 INTRODUCTION

Many GI disorders are now recognized to be inflammatory processes. Moreover, as
mast cells are located in the connective tissue and mucosal regions of the gut, it has
been suggested that these inflammatory cells are involved in the aetiology and
pathogenesis of IBD (Crohn’s disease and ulcerative colitis) and GIUs [21,315].

Initial studies on mast cell functionality were carried out on RPMCs because they are
easily isolated and purified. However, substantial evidence has now demonstrated that
the effects of anti-allergic drugs on RPMCs are not necessarily representative of their
potential effects in man [316]. For example, the anti-asthmatic drug DSCG is a potent
inhibitor of immunologically-stimulated histamine release from RPMCs, but has weak
to moderate activity on human tissue mast cells [255,277,283].

Therefore, this study aims to investigate the effects of a number of compounds used
in the treatment of IBD, together with compounds used in peptic ulcer therapy, on
freshly isolated RPMCs, human colonic mast cells, human gastric mast cells and
human basophil leukocytes. In view of the demonstrated functional heterogeneity of
mast cells, it is particularly important to investigate the effect of these compounds on
mast cells isolated from the human gut.

The test compounds are divided into two groups: the salicylates used in IBD therapy,
and the H 2 -receptor antagonists and cytoprotectants that are used in treating ulcers.

4.1.1 Salicylates

Sulphasalazine is a therapeutic agent used in the treatment of arthritis and IBD. It is
the most commonly used salicylate for GI disorders and has been widely used in the
treatment of various forms of IBD including ulcerative colitis and Crohn’s disease
[317]. Chemically, the drug is composed of a sulphapyridine molecule linked by an
azo bond to 5-aminosalicylic acid (5-ASA) and it is metabolized by colonic bacteria
to these constituents in vivo [324] [Fig 4.1]. The mode of action of the compound is
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unknown but it has been suggested that sulphasalazine may act to prevent the release
of inflammatory mediators from intestinal mast cells [318].

4.1.2 H2 -reeeptor antagonists and cytoprotectants

H 2 -receptor antagonists and cytoprotectants are widely used in the treatment of
duodenal and gastric ulcers. The former act by blocking histamine receptors on the
parietal cells and thus reduce gastric acid secretion. The latter serve to protect the
gastro-duodenal mucosa from attack by gastric acid [319].

There are at least four currently utilized H 2 -receptor antagonists: cimetidine, ranitidine,
famotidine and nizatidine. They reversibly compete with histamine at H 2 ~receptor
sites. This action is quite selective in that the H 2 -receptor antagonists do not affect
H,-receptor mediated actions [320]. The compounds famotidine and nizatidine are
considered to have a similar mechanism of action on parietal cells to the well studied
cimetidine and ranitidine. Famotidine is structurally related to cimetidine but has a
thiazole ring instead of the imidazole ring, while nizatidine combines the thiazole ring
of famotidine and the side chains of ranitidine [Fig 4.2].

The cytoprotectant misoprostol has recently been introduced into clinical practice and
is a synthetic analogue of PGEj [321] [Fig 4.2]. As such, it is capable of blocking
acid production via specific PG receptors on the parietal cell [322]. However, both
H 2 -receptor antagonists and PGs are also known to modulate the functions of mast
cells, which are the main repository of histamine in the human GI tract.

We have thus now examined the effect of all of these therapeutic compounds on
histamine release from freshly isolated human GI mast cells (colon and stomach),
RPMCs and basophil leukocytes.
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4.2 METHODS

All methods used in this study were as described in chapter 2.

4.3 RESULTS

Unless otherwise stated, histamine release in all cases was induced by anti-human IgE
for cells of human origin and anti-rat IgE for cells of rodent origin.

4.3.1 Effects of sulphasalazine and its metabolites on GI mast cells

4.3.1.1 Histamine release from human GI mast cells

The mast cells isolated from human colon and stomach were structurally intact as
judged under light microscopy.
spontaneous release of histamine

They exhibited high viability (>97 %), low
( < 1 0

%) and effective dose-dependent histamine

release when stimulated with anti-human IgE [Fig 4.3,4.4].

The histamine release from human colonic mast cells stimulated with anti-human IgE
( 1 0 0 - 1 0 , 0 0 0 fold dilutions) showed mucosal mast cells to be more responsive than
submucosa/muscle mast cells, reaching maximal releases of 42.0 ± 1 . 3 (HCM) and
24.0 ± 3.9 % (HCS) [Fig 4.3].

The same stimulus on human gastric mast cells also released histamine dosedependently.

The HGM and HGS mast cells had similar responsivity, reaching

maximal releases of 38.1 ± 1.5 (HGM) and 34.2 ± 4.0 % (HGS) [Fig 4.4].
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4.3.1.2 Effects o f sulphasalazine and its metabolites on isolated HCM and HCS
mast cells

5-ASA [Fig 4.5,4.6] produced comparable dose-dependent inhibition of histamine
release from HCM and HCS mast cells stimulated with an optimal amount of anti
human IgE (200 fold dilution). The inhibition of histamine release was similar when
the cells were preincubated with the drug for

1 0

min before challenge, compared to

when the drug was added simultaneously with the immunological stimulus.

In contrast to the effect of 5-ASA, neither sulphasalazine [Fig 4.7,4.8] nor
sulphapyridine [Fig 4.9,4.10] had any effect on immunologically stimulated histamine
release from HCM and HCS mast cells, while DSCG, used as a positive control,
produced effective dose-dependent inhibition of this release.

In contrast to sulphasalazine’s ineffectiveness on GI mast cells stimulated with optimal
amounts of anti-human IgE, the drug markedly potentiated the release induced by a
suboptimal (10,000 fold dilution) amount of the ligand [Fig 4.11,4.12]. This effect
was most marked, in the case of the HCS cells, when the preparations were
preincubated with the drug for 10 min before challenge. Under these conditions, the
histamine release from HCM and HCS mast cells was increased, in the presence of
lO'"* M sulphasalazine, from 13.1 ± 2.0 to 30.0 ± 5.8 % and 10.4 ± 4.1 to 21.3 ± 5.0
%, respectively.

Neither sulphapyridine nor 5-ASA had any effect under these

conditions [Table 4.1].

This striking potentiation was further studied using an optimum concentration of
sulphasalazine (10^ M) and a range of anti-human IgE dilutions (100-10,000 fold
dilutions). Sulphasalazine increased histamine release of HCM mast cells from 7.5
± 2.5 (anti-human IgE 10,000 fold dilution) to 15.0 ± 4.9 % (anti-human IgE 10,000
fold dilution + sulphasalazine (10'"^ M)). This potentiation was only apparent at high
dilutions of anti-IgE and, as reported above, disappeared at lower dilutions. A similar
effect was observed with HCS mast cells, and the release increased from 6.5 ± 1 . 8
(anti-human IgE 10,000 fold dilution) to 13.0 ± 3.4 % (anti-human IgE 10,000 fold
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+ sulphasalazine (lO ’^M)) [Fig 4.13,4.14].

4.3.1.3 Effects o f sulphasalazine and its metabolites on isolated HGM mast cells

5-ASA [Fig 4.15] produced a dose-dependent inhibition of histamine release from
HGM mast cells stimulated with an optimal amount of anti-human IgE (200 fold
dilution). The inhibition was negligible in the concentration range 10'^ M to 10'^ M
and a marked increase was then observed in the 10'^ M to 10'^ M range, reaching a
maximal inhibition of 62.5 ± 3.0 %.

This attenuation of histamine release was

identical when the cells were preincubated with the drug for

1 0

minutes before

challenge and when the drug was added simultaneously with the immunological
stimulus.

As found with the study on human colonic mast cells, neither sulphasalazine [Fig
4.16] nor sulphapyridine [Fig 4.17] had any effect on immunologically-stimulated
histamine release from HGM mast cells, while DSCG, used as positive control,
produced effective dose-dependent inhibition of this release [Fig 4.16,4.17].

In HGM mast cells, sulphasalazine again strikingly potentiated the histamine release
induced by a suboptimal (10,000 fold dilution) amount of the ligand [Fig 4.18].
Under these conditions, the histamine release from HGM mast cells was increased, in
the presence of 10*^ M sulphasalazine, from 9.2 ± 2.8 to 18.8 ± 3.0 %. In contrast,
sulphapyridine and 5-ASA had no effect under these conditions [Table 4.2].

This striking potentiation was further studied using an optimum concentration of
sulphasalazine and a range of anti-human IgE dilutions (100-10,000 fold dilutions).
Sulphasalazine increased histamine release of HGM mast cells from 5.4 ± 4.7 (anti
human IgE 10,000 fold dilution) to 12.4 ± 2.6 % (anti-human IgE 10,000 fold dilution
+ sulphasalazine (10'"^ M)).

This potentiation was again observed only at high

dilutions of anti-IgE and disappeared at lower dilutions [Fig 4.19].
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4.3.2 Effects of H2-receptor antagonists and a cytoprotectant on histamine release
from histaminergic cells

4.3.2.1

Histamine release from freshly isolated histaminocytes induced by H '
2

receptor antagonists and a cytoprotectant, misoprostol

The H 2 -receptor antagonists famotidine and nizatidine (5x10'^^ M-10'^ M) had no
stimulatory effect on histamine release from any of the cell types employed in this
study.

The cytoprotectant misoprostol caused striking histamine release at

concentrations above 10‘®M, which suggests this drug may be cytotoxic under these
conditions [Table 4.3].

4.3.2.2 Effects o f H -receptor antagonists and the cytoprotectant misoprostol on
2

histamine release from RPMCs

Famotidine and nizatidine produced dose-dependent inhibition of histamine release
from RPMCs stimulated with an optimal amount of anti-rat IgE [Fig 4.20,4.21]. Some
evidence of tachyphylaxis was observed, particularly with lower concentrations of
famotidine. The maximal inhibitions achieved were 43.3 ± 5.6 (famotidine, 10'^ M, 0
min preincubation), 30.9 ±6. 1 (famotidine, 10'^ M, 10 min preincubation), 47.7 ± 3.7
(nizatidine, 10'^ M, 0 min preincubation) and 50.8 ± 5.2 % (nizatidine, 10'^ M, 10 min
preincubation).

The inhibition produced by misoprostol was bell shaped; very low concentrations
(10 pM) produced modest inhibition (20-30 %), while higher concentrations (>1 nM)
produced a negligible effect [Fig 4.22].
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4.3.2.3 Effects o f H ~receptor antagonists and the cytoprotectant misoprostol on
2

histamine release from human colonic mast cells

Famotidine and nizatidine produced dose-dependent inhibition of histamine release
from HCM and HCS mast cells stimulated with an optimal amount o f anti-human IgE
[Fig 4.23-4.25]. The effect was independent of the preincubation period (0 min and
1 0

min) and there was no evidence of tachyphylaxis.

The maximal inhibitions achieved by the compounds on HCM mast cells were 31.0
± 2.5 (famotidine, 10"^ M, 0 min preincubation), 25.0 ± 2.0 (famotidine, 10'^ M, 10
min preincubation), 45,5 ± 4 .1 (nizatidine, 10"^ M, 0 min preincubation) and 50.4 ±
5.8 % (nizatidine, lO'^M, 10 min preincubation) [Fig 4.23,4.24].

The maximal inhibitions achieved by the compounds on HCS mast cells were 45.1 ±
2.1 (famotidine, 10'^ M, 5 min preincubation) and 39.8 ± 3.5 % (nizatidine, 10"^ M,
5 min preincubation) [Fig 4.25].

The cytoprotectant misoprostol produced a bell shaped inhibition curve with both cell
types.

At very low concentrations of the drug (0.1 nM) there was significant

inhibition 50.8 ±

(HCM, 0 min preincubation), 35.8 ± 4.2 (HCM, 10 min

6 . 8

preincubation) and 63.4 ± 4.9 % (HCS, 5 min preincubation), whereas higher
concentrations (>100 nM) had a negligible effect [Fig 4.26,4.27].

4.3.2.4 Effects o f H -receptor antagonists and the cytoprotectant misoprostol on
2

histamine release from human basophil leukocytes

In these experiments famotidine and nizatidine again produced dose-dependent
inhibition of histamine release from human basophil leukocytes stimulated with anti
human IgE (500-1,000 fold dilution). The maximal inhibitions achieved were 23.3 ±
3.1 (famotidine, 10'^ M) and 53.0 ± 2.4 % (nizatidine, 10'^ M) after 5 min
preincubation [Fig 4.28].
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In contrast to the bell shaped effects of misoprostol on RPMCs and human colonic
mast cells, misoprostol showed increasing dose-dependent inhibition of histamine
release from basophils, reaching a maximum of 55.0 ± 3.3 % (5 min preincubation)
at the highest test concentration (1 |iM ) [Fig 4.29].

4.4

Discussion

This study has investigated the effect of clinically relevant compounds on histamine
release from various histaminocytes.

4.4.2 Sulphasalazine and its metabolites

Sulphasalazine and its metabolites (sulphapyridine and 5-ASA) had distinct effects on
HCM, HCS, HGM and HGS mast cells.

Sulphasalazine itself had no effect on histamine release induced by optimal
concentrations of anti-human IgE but potentiated the secretion induced by suboptimal
amounts of the antibody. While sulphapyridine had no effect on histamine release,
the active metabolite, 5-ASA, inhibited histamine release from all cell types.

The potentiating property of sulphasalazine has also been reported by other workers.
Sulphasalazine can potentiate mediator release from human basophil leukocytes,
intestinal mast cells, peripheral leukocytes and mononuclear cells [318,327]. This may
account for the some of the adverse effects seen with this agent, such as urticaria,
anaphyiaxis, fever, abdominal discomfort and generalized skin eruptions [323].

A

possible explanation for these effects is that some patients suffering from EBD may
have an ongoing subthreshold immunological stimulus for histamine release which is
expressed and enhanced by sulphasalazine.

In contrast, sulphasalazine has been shown to inhibit inflammatory mediator release
from RPMCs and mouse bone marrow-derived mast cells (PT18) [318]. However,
using RPMCs and PT18 cells for studying therapeutic compounds, and drawing
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relevant conclusions from the results, is very difficult as there are fundamental
differences between human, rodent and cultured mast cell lines.

The sulphapyridine moiety of sulphasalazine had no effect on histamine release
induced by optimal or suboptimal amounts of the antibody. This finding is in keeping
with the view that sulphapyridine may act simply as a carrier molecule to release the
active metabolite at the area of inflammation in vivo, as was first proposed by Khan

et al in 1977 [329]. In contrast to the clinical utility of sulphasalazine, Schroder et
al [325] and Das et al [326] have shown sulphapyridine to be a potentially damaging
agent, which can cause hypersensitivity.

The second metabolite of sulphasalazine is 5-ASA, which produced effective inhibition
in all the GI mast cells studied. Similar findings with human intestinal mast cells and
basophils have been reported by Fox et al [327]. Other studies have shown 5-ASA
to inhibit the release of inflammatory mediators, such as PCs [328-330]. Therefore,
5-ASA may act on inflammatory cells to inhibit intracellular enzymes involved in the
signal transduction pathway of the cell.

In conclusion, the inhibitory effect of the active metabolite 5-ASA may partially
explain the therapeutic utility of sulphasalazine, while the enhancement seen with the
intact drug under defined conditions may account for the occasional adverse effects
seen with this agent.

4.4.3 Hj-Receptor antagonists and cytoprotectants

The Hj-receptor antagonists, famotidine and nizatidine, produced dose-dependent
inhibition of anti-IgE stimulated histamine release from all cell types tested.

The

effect

of

the

cytoprotectant

misoprostol

on

histamine

release

from

immunologically stimulated RPMCs and GI mast cells was bell shaped with very low
concentrations

(1 0 ’^ M-10 “ M) producing

modest inhibition,

while

higher

concentrations (10'^ M) had no effect. However, misoprostol (10‘^M-10‘^ M) produced
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a dose-dependent inhibition of histamine release from isolated human basophil
leukocytes stimulated with an optimal amount of anti-human IgE.

Hj-receptor antagonists have been used as therapeutic compounds in the treatment of
GIUs for the last 17 years [320]. The first clinically relevant H 2 ~receptor antagonist
was cimetidine, which was followed by the subsequent development o f ranitidine. The
second generation H 2 -receptor antagonists such as famotidine and nizatidine have been
developed to decrease the number of possible side effects and increase the efficacy of
the compounds [320].

Famotidine and nizatidine may inhibit histamine release by stabilizing the mast cell
membrane, possibly by expanding the structure so as to prevent the fiisional changes
involved in exocytosis. This mechanism was first proposed for histamine H^-receptor
antagonists by Seeman and Weinstein [332] and later suggested by Lau and Pearce in
1990 [333] for a range of Hj- and H 2 - receptor antagonists, including cimetidine and
ranitidine [314,331-333]. Famotidine and nizatidine may act by a similar mechanism.

The effect of these compounds on histamine release from mast cells suggests that they
may have an additional action in the control of gastric acid secretion. In vitro and in

vivo experiments have shown that H 2 -receptor antagonists act on histamine receptors
of the parietal cells, thus reducing the production of gastric acid [334].

The

concentration range of famotidine and nizatidine which produced maximal inhibition
of histamine release from immunologically stimulated GI mast cells was lO'^M-lO''^
M.

These concentration are lower than the in vivo concentrations in the GI tract

required to inhibit acid secretion. This suggests that these two compounds may not
only have an effect on the parietal cells but also affect the histamine release from mast
cells. Therefore, famotidine and nizatidine may have dual targets in reducing acid
secretion, namely blockade of H 2 -receptors on the parietal cell and the stabilization of
gastric mast cells.

However, the possible role of these cells in acid secretion is

controversial and is discussed in detail below (chapter 6 ).

The cytoprotectant misoprostol effectively inhibited histamine release, with a bell
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shaped dose-response curve, from RPMCs, HCM and HCS mast cells and produced
an increasing inhibition from basophil leukocytes.

This suggests misoprostol may

have a different mode of action on basophils compared to its effect on RPMCs, HCM
and HCS mast cells.

Misoprostol is a PGE, analogue, similar to naturally occurring PCs, known to act on
PG receptors of the gastric parietal cells to reduce acid secretion. This compound also
has many other effects in the GI tract, all of which act to protect the gastric mucosa
and prevent the formation of ulceration [335].

These include increased mucus

secretion, increased bicarbonate secretion, increased or sustained blood flow,
stabilization of the barrier function of the stomach, increased mucus regeneration and
increased pancreatic secretion of trypsin inhibitor from foveolar cells [335-339].

The concentration of misoprostol present in vivo is of the order of 1 nM [340], while
the concentrations which give maximal inhibition in vitro are 10 pM to I nM. These
results suggest that mast cell stabilization by misoprostol may contribute to its
therapeutic effects in the GI tract. The possible mechanism of the mast cell inhibition
may be very similar to the drug’s demonstrated action on the parietal cell [340,341].
The mast cell has inhibitory and stimulatory subtype prostanoid receptors as shown
by M aullem et al [342,343]. At lower concentrations (10'^^ M-10'^° M), misoprostol
may act on the high affinity inhibitory subtype receptors, while at higher
concentrations it may act on the low affinity stimulatory receptors thus producing a
bell shaped curve.

In the case of basophil leukocytes, it may be that only the

inhibitory type prostanoid receptor is present and misoprostol-induced attenuation is
then well maintained across the entire concentration range.

However, there is no

direct evidence for this mechanism of action.

In total, these data show that agents used therapeutically in the management of GIUs
can also modulate the function of intestinal mast cells. In so far as histamine is a
relevant mediator in acid secretion, and also has potent inflammatory properties, this
action may additionally account for the clinical efficacy of these agents.
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Fi«i 4 . 3 H istamine release f r o m h u m a n c o lo n ic m u c o s a l ( H C M ) and
s u b m u c o s a / m u s c l e ( H C S) m a st cells s t i m u l a t e d wi th a n t i - h u m a n IgE
(n=4)
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Fig 4.4
H istamine release f r o m h u m a n gas tri c m u c o s a l (H G M ) and
s u b m u c o s a / m u s c l e ( H G S ) m a s t ce lls s t i m u l a t e d with a n t i- h u m a n IgE
(n=4)
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Fi" 4.5 Effect of 5 - a m i n o s a li c y li c acid ( 5 -A S A ) on h i s t a m i n e release from
h u m a n c olo n ic mucosal ( H C M ) m a st cells sti m u la t e d with a n t i - h u m a n IgE
(200 fold d i lu ti o n ) . a t pr ein cu ba tio n periods 0 min a nd 10 m in before
c h a l l e n g e (n =4)
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Fig 4.6 Ef fect o f 5 - a m i n o s a li c y li c acid ( 5 -A S A ) on h i s t a m i n e release from
hu m a n c o lo n ic s u b m u c o s a / m u s c l e ( H C S ) m ast ce lls s t i m u l a t e d with
a n t i- h u m a n I gE (200 fold dilution) at p r e in cu ba ti o n pe r io d s 0 min and
10 min b e f o r e c h a l l e n g e ( n=4 )
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Fi g 4.7 Effect of s u l p h a s a l a z i n e on h i s t a m i n e r e l e a s e f r o m h u m a n
c o l o n i c muc os a l ( H C M ) m a s t cells s t i m u l a t e d w i t h a n t i - h u m a n I gE (200fold di l ut i on) c o m p a r e d wi t h d i s o d i u m c r o m o g l y c a t e ( D S C G ) (n=4)
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Fig 4.8 Ef fect of s u l p h a s a l a z i n e on h i s t a m i n e r el e as e f r o m h u m a n
col oni c s u b m u c o s a / m u s c l e ( HCS ) m a s t cells s t i m u l a t e d w i t h a n t i - h u m a n
I gE ( 200- f ol d d i l ut i on) c o m p a r e d wi t h d i s o d i u m c r o m o g l y c a t e ( D S C G )
(n = 4)
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Fig 4.9 Effect o f sul phapyridine on histamine release from
hu m an colonic mucosal (H C M ) mast cells stimulated with a nt i-h um an IgE
(200 fold dilution) c o m p a re d with dis odi um cr omoglycate ( D S C G ) (n=4)
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Fig 4.10 Effect of su lp h ap y rid in e on histam ine release from hum an
colonic subm ucosa/m uscle (HCS) m ast cells stim u lated with an ti-h u m an
IgE (200-fold dilution) com pared w ith disodium crom oglycate (DSCG)
(n = 4 J
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Fig 4.11 Effect of sulphasalazine on histamine release from human colonic
mucosal (HCM) mast cells stimulated \\ ith anti-human IgE (10.000 fold dilution).
The drug was preincubated with the cells for 0 min and 10 min before challenge.
The control release of histamine was 14.1 i 2.6 % (HCM) (n=4)
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Fig 4.12 Effect of sulphasalazine on histam ine release fro m hum an colonic
subm ucosa/m uscle (HCS) m ast ceils stim ulated with a n ti-h u m an IgE (10,000 fold
dilution). The d ru g was p reincubated with the cells for 0 m in an d 10 min before
challenge. T he control release of histam ine was 9.2 ± 3.8 % (H CS) (n=4)
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F ig 4 .1 3 Effec t o f s u l p h a s a la z i n e (lOe-4 M) on h i s ta m in e re lease f ro m
i m m u n o l o g i c a l l y - a c i v a t e d h u m a n colon ic m uc os al ( H C M ) m a s t cells
(n=4)

30 -I
anti-human IgE

anti-human IgE -t- sulphasalazine

20

-

10

-

o
ë

Î•S2
a:

1/10000

1/3000

1/1000

1/300

Dilutions of ami-human IgE

1/200

166
F i g 4 .1 4 Effect o f s u l p h a s a la z i n e (lOe-4 M ) on h i s t a m i n e release f rom
i m m u n o l o g i c a l l y - a c t i v a t e d h u m a n c olo n ic s u b m u c o s a / m u s c l e (H C S )
m a s t c e lls (n=4)
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Fig 4.15 Effect of 5-aminosalicylic acid (5-ASA) on histamine release
from human gastric mucosal mast cells (HGM) stimulated with
anti-human IgE (200 fold dilution). The drug was preincubated
with the cells for 0 min and 10 min (n=4)
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Fi g 4. 16 Ef fect of s u l p h a p y r i d i n e on h i s t a m i n e r e l e a s e f r o m
h u m a n g a s t r i c mu c o s a l ( H G M ) m a s t cells s t i m u l a t e d wi t h a n t i - h u m a n I gE
( 200 f old di l ut i on) c o m p a r e d wi t h d i s o d i u m c r o m o g l y c a t e ( D S C G )
(n = 4)
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Fig 4.17 Effect o f su lp ha s al az in e . on h i s ta m in e release
f r o m h u m a n gastric m u c o s a l ( H G M ) m ast cells s ti m u la t e d with
a n t i - h u m a n IgE (200 fold dilution) c o m p a r e d w i t h D S C G
(n=4J
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Fig 4.18 Effect of sulphasalazine on histam ine release from hum an g astric
m ucosal (HGM ) m ast cells stim ulated with an ti-h u m an IgE (10,000 fold dilution).
T he d ru g was preincubated w ith the cells for 0 m in an d 10 min before challenge.
T he control release of histam ine w as 8.9 ± 1.9 % (H C S) (n=4)
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r i g 4. 19
Ef f e c t o f s u l p h a s a l a / . i n c ( l Oc- 4 M) o n h i s t a m i n e r e l e a s e f r o m
i n u n u n o l o g i c a l l y - a c t i v a t e d h u m a n g a s t r i c m u c o s a l ( H G M ) m a s t cells
s t i m u l a t e d w i t h a n t i - h u m a n I g E ( n=4)
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Fig 4.20 Effect of famotidine on histamine release from rat
peritoneal mast cells (RPMCs) stimulated with anti-rat IgE
(200-300 fold dilution) (n=4?
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Fig 4.21 Effect of nizatidine on histamine release from rat peritoneal
mast cells (RPMCs) stimulated with anti-rat IgE (200-300 fold dilution) (n=4)
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Fig 4.22 Effect o f misoprostol on histamine release from rat
peritoneal mast cells (RPMCs) stimulated with anti-rat IgE
(200-300 fold dilution) (n=4)

45 1
0 min

10 min

35-

25-

15-

5-

-5-

15
1 0

*^^

"M" ‘ "'"1 l i mn ........ I -I'-i III i-'i Iiim■I'l'iiiin "I ■I n im'—i-r-mii^
1
0
1
0
'^^ 1 0 *^^ 1 0 1 0 '^^ 1 0 *^ 1 0 '® 1 0 '^ 1 0 '®

Misoprostol (M )

175
Fig 4 . 2 3 Effect o f fa m o t id in e on h is ta m in e r e le a s e f r o m h u m a n
c o l o n i c m u c o sa l ( H C M ) m ast cells sti m u la t e d wit h a n t i - h u m a n IgE
( 2 0 0 - 3 0 0 fold d i lu ti o n ) (n=4)
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Fig 4.24 Effect o f nizatidine on histam ine release fro m h u m a n
c o l o n i c m u c o s a l ( H C M ) m a s t cells s t i m u l a t e d w i t h a n t i - h u m a n I g E
( 2 0 0 - 3 0 0 fo ld d i lu ti o n ) ( n = 4 )
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Fig 4.25 Effect of histamine receptor antagonists on
histamine release from human colonic submucosa/muscle
(HCS) mast cells stimulated with anti-human IgE
after 5 min preincubation (200-300 fold dilution) (n=4)
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Fig 4. 2 6 Effect o f m is o p r o s to l on hi s ta m in e rele as e from hum an
c o lo n ic m uc osa l ( H C M ) m a s t cells s ti m u la t e d with a n t i- h u m a n IgE
( 2 0 0 - 3 0 0 fold d i lu ti o n ) ( n = 4 - 6 )
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Fig 4.27 Effect of misoprostol on histamine release from
human colonic submucosa/muscle mast cells stim ulated
with anti-human IgE (200-300 fold dilution) after 5 min
preincubation (n=4)
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Fig 4.2 8 Effect o f famotidine and ni/.atidine on h i s ta m in e release
f rom h u m a n basophil leukocytes stimulated with a n t i- h u m a n IgE
( 5 0 0 - 1 , 0 0 0 fold dilution, n=4-6)
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Fig 4.29 Effect of misoprostol on histam ine release from
hum an basophil leukocytes stim ulated with anti-hum an IgE
(500-1000 fold dilution, n=4-6)
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Table 4.1 Effects of 5-am inosalicyIic acid and sulphapyridine on h istam in e
release from hum an colonic m ucosal (HCM) and m uscularis (HCS) m ast
cells stim u lated w ith suboptim al am ount of anti-hum an IgE (1000-10, 000
fold dilution). The cells w ere preincubated w ith the drug for 0 m in and 10
m in before challenge. V alues are given as the percentage in h ib ition of
h istam in e release (n=6).

HCM
Concentrations
(M)
lOc-4
50e-5
lOe-5
50e-6
lOe-6
lOe-7
lOe-8
lOe-9

HCS
Concentrations
(M)
lOc-4
50e-5
lOc-5
50e-6
lOe-6
lOe-7
lOe-8
lOe-9

5-aminosaIyciIic acid

Sulphapyridine
0 minutes
5.6 ± 1.3
1.2 ± 1 .2
0.3 ± 2 .0
0.5 ±
-0.2 ±
-0.3 ±
-0.8 ±
-0.6 ±

5.0
2.0
5.0
1.0
5.0

10 minutes
2.0 ± 1.9
-0.9 ± 2.0
-0.4 ± 2.1
0.8 ± 2.3
1.1 ± 2.3
-0.2 ± 1.3
-0.2 ± 2.6
0.1± 3.0

0 minutes
2.2 ± 1.8
1.8 ± 1.4
1.6 ± 0 .9
0.3 ± 0.3
0.4 ±1.8
0.1±0.1
-0.3 ± 0.3
-0.7 ± 0.7

10

minutes

2.7 ± 0.9
1.7 ± 0.8
2.7 ± 0.3
-0.6 ± 1.5
-0.1± 0.4
0.1±0.4
0.1±0.7
0.6 ± 0.4

Sulphapyridine
0 minutes
10 minutes

5-aminosalycilic acid
0 minutes
10 minutes

6.1 ± 5 .0
1.0 ± 3 .2
0.1 ± 3.2
0.7 ± 1.5
-0.6 ± 6.3
-0.3 ±3.1
-4.8 ± 2.1
-0.7 ± 1.5

6.7 ± 4.0
5.7 ± 1.5

4.7 ± 3.8
-4.3 ± 3.5
-4.1 ± 3.6
-4.8 ± 4.3
-3.7 ± 3.9
-3.6 ± 1.3
-1.3 ±0.7
0.6 ± 1.0

3.9 ± 3.9
3.2 ± 2.9
3.9
0.2
0.6
0.3

±
±
±
±

3.7
1.5
1.6
1.6

4.0 ± 6.2
3.6 ± 1 .8
1.2 ± 0.4
5.3 ± 1.9
4.1± 5.7
1.9 ± 3.0
0.8 ± 0.9
0.6 ± 0.9
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Table 4.2 Effects of 5-aminosaIicyIic acid and sulphapyridine on histam ine
release from hum an gastric mucosal (HGM) mast cells stim ulated w ith
suboptim al amount of anti-human IgE (1000-10, 000 fold dilution). The celh
were preincubated with the drug for 0 min and 10 m in before challenge.
Value are given as percentage inhibition of histam ine release (n=6).

HGM
Concentrations
(M)
lOe-4
50e-5
lOe-5
50e-6
lOe-6
lOe-7
lOe-8
lOe-9

Sulph apyridine
0 minutes
10 minutes

5-aminosalycilic acid
0 minutes
10 minutes

2.2 ± 1.8
1.8 ±0.9
1.6 ± 1.4
0.3 ± 0.3
0.4 ± 1.8
0.1± 1.0
-0.3 ± 3.0
-0.7 ± 6.3

3.6 ± 2.0
2.4 ± 1.6
2.0 ± 0.8
1.9 ± 0 .8
1.8 ± 0 .4
0.9 ± 0.2
-0.8 ± 0.4
-1.3 ± 0.6

2.7 ± 0.9
1.7 ±0.8
1.6 ±0.3
0.6 ± 1.0
0.1 ± 1.4
0.1 ± 1.7
1.8 ±0.4
0.3 ± 1.2

3.1 ± 3.6
4.5 ± 2.6
1.9 ± 0 .4
1.5 ± 0 .2
1.3 ± 0 .4
1.1± 0.6
-0.4 ± 1.6
-0.1 ± 0 .6

T abic 4.3
H istam ine release
cells and basophils (n=4)

induced

by

m isoprostol

Histamine

release

from

freshly

isolated

m ast

(% )

C oncentration
(M)

R PM C

HCM

HCS

5xl0c-6

78.2 ± 5.6

64.9 ± 9 . 1

68.2 ± 7.1

Basophil
leukocytes
71.1 ± 2.3

00

4^

lOc-6

-2.9 ± 6.6

8.6 ± 6.3

2.4 ± 3.0

8.6 ± 4.9

lOc-7

-5.3 ± 6.9

3.8 ± 2.0

-0.4 ± 0.1

5.9 ± 4.0

lOc-8

-5.8 ± 4.0

2.9 ± 4.2

0.1 ± 5.4

6.0 ± 3.9

lOc-9

0.1 ± 5.3

3.0 ± 6.4

1.3 ± 1.2

0.3 ± 5.0

lOc-10

8.1 ± 1.0

-5.0 ± 2.9

-0.2 ± 4.5

0.5 ± 4.0

lOc-11

-0.2.±.0.7

3.2 ± 0.4

-0.1 ± 3.7

-3.2 ± 7.3

lOc-12

0.3 ± 0.4

5.2 ± 0.9

0.1 ± 1.4

4.5 ± 1.9

CHAPTER 5

Effect of anti-inflammatory
steroids on histamine release
from mast cells and basophil
leukocytes
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5.1 INTRODUCTION

Anti-inflammatory steroids are chemically related to the predominant human
adrenocortical hormone, cortisol or hydrocortisone. They have the basic structural
formula shown in Figure 5.1. The central skeleton consists of three interconnected
rings each of six carbon atoms and one ring of five carbon atoms. This structure is
present in oestrogens, progesterone, testosterone and aldosterone, all of which, though
devoid of anti-inflammatory activity, produce other highly specific biological effects
[344].

The anti-inflammatory steroids were first recognised in the body as naturally occurring
compounds synthesized from cholesterol and secreted by the adrenal glands in
response to stimulation by adrenocorticotrophic hormone (ACTH).

These steroids

have important effects on intermediary metabolism and are known as glucocorticoids.
There are three naturally occurring mammalian anti-inflammatory steroids namely
corticosterone

(11(3-2 l-dihydroxy-4-pregnone-3,20-dione),

cortisol

(17-

hydroxy corticosterone) and cortisone ( 17-hydroxy-11-dehydrocorticosterone) [Fig 5.1].

Cortisol comprises almost 90 % of the adrenal cortical steroid output of man.
Cortisone was the first adrenocortical hormone to be isolated and used therapeutically
for the treatment of rheumatoid arthritis in 1949 [345].

Since then the anti

inflammatory and immunosuppressive effects of glucocorticoid medication have
proven to be both therapeutic and, in many instances, life-saving [346].
Pharmaceutical preparations of glucocorticoid drugs produce beneficial responses in
a variety of connective tissue and immunoproliferative disorders such as rheumatoid
arthritis, regional enteritis, necrotizing vasallitis, sub-acute hepatic necrosis and EBD.
In each case, these steroids have shown potent anti-inflammatory properties,
controlling the disease and thus alleviating the symptoms [345-348]

Cortisone also has anti-inflammatory activity although it has to be metabolized to the
active moiety cortisol in the body.

Cortisol is the primary glucocorticoid product
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secreted by the adrenal cortex but has various undesirable side-effects resulting from
hormonal actions. Therefore, a variety of synthetic derivatives have been developed
[349,350]. A large number of these analogues have become available for clinical use,
such as prednisone, prednisolone (P), methylprednisolone (MP), dexamethasone and
betamethasone (BM). These anti-inflammatory steroids exert important metabolic and
endocrine effects, which tend to be wide-spread, affecting many organs and tissues
including the liver, kidneys, GI tract, heart and brain, lymphoid organs, skeletal
muscle, bones, skin and adipose tissue [350,351]. The cellular elements of all these
different responsive tissues are considered to have one important macromolecular
constituent in common, namely the presence of a cytoplasmic protein (relative
molecular mass 50,000-150,000) that has a high affinity for cortisol and other anti
inflammatory steroids [352].

This will be referred to as the cytoplasmic steroid

receptor.

Natural and synthetic glucocorticoids bind to these specific intracellular receptors upon
entering target tissues. The macromolecular complex thus formed is transported into
the nucleus, where it interacts with chromosomal constituents to alter gene expression,
thereby interfering with protein synthesis. Hence, these hormones alter the regulation
of many cellular processes, including enzyme synthesis and activity, membrane
permeability, transport processes and structure [353,354].

A consequence of the

multiple actions of steroids is the potential development of side-effects such as peptic
ulcers, Cushing’s syndrome and, the most potentially debilitating adverse effect, the
development of osteopenia with a consequent increased liability to bone fractures
[348].

Glucocorticoids are also known to have important dose-related effects on the human
metabolism of carbohydrates, proteins, and fat. The same effects may be responsible
for some of the serious adverse effects associated with their use in therapeutic doses.
Glucocorticoids influence gluconeogenesis which is essential for the life of mammals
and many vertebrates, as this process maintains the supply of glucose to the brain
when the intake of food is restricted and the liver glycogen stores are depleted.
Gluconeogenesis comprises the synthesis of glucose and glycogen from lactate.
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pyruvate, certain amino acids such as alanine, serine, threonine and glycine and, to a
less significant extent, from glycerol and free fatty acids.

Glucocorticoids have a

stimulatory effect on gluconeogenesis in the fasted state and in diabetes, and they also
increase amino acid uptake by the liver and kidney [355].

The effects of these

steroids on carbohydrate metabolism are not confined to the liver alone but occur in
all tissues containing cells that possess the specific cytoplasmic receptor proteins.
However, the net result varies considerably depending upon the type of tissue. For
instance, the uptake of glucose is inhibited in most non-hepatic tissues except the brain
and the skeletal muscle [353,355]

The metabolic effects of glucocorticoids could prove to be therapeutically beneficial
either through provision of glucose to the inflamed tissue via stimulation of
gluconeogenesis and/or glycogenolysis, or through the inhibition of the formation of
chemical mediators of inflammation via depression of protein synthesis and/or
lipolysis. However, glucocorticoids are known to have the capacity of dramatically
reducing the manifestations of inflammation. This is due to their profound effects on
the concentration, distribution and function of peripheral leukocytes and their
inhibition of PLA 2 .

They inhibit the early and late phase of inflammation and

proliferative reactions seen in chronic inflammation [104,356,357].

Glucocorticoids also modulate the activity of fibroblasts, causing them to produce less
collagen and glycosaminoglycans [358]. As a consequence, chronic inflammation may
be reduced but the healing and repair processes are also impaired.

Steroids also

inhibit the activity of osteoblasts (which lay down the bone matrix) [358] and
indirectly increase the activity of osteoclasts (which digest bone matrix) as a decrease
in intestinal calcium absorption results in increased secretion of parathyroid hormone
which stimulates osteoclasts [358,359]

Depending upon its cause, the initiation and maintenance of the inflammatory process
requires the constant availability, of hydrolytic and lysosomal enzymes, histamine, 5HT, PGs and LTs, complement cascade components, anaphylatoxins and bradykininlike peptides. Allergic inflammation would additionally require the constant formation
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of lymphokines and of antibodies. Hence, glucocorticoids need to influence a number
of these mediators to treat inflammatory disorders.

For example, to reduce

inflammation in the GI tract, inhibition of histamine, LTs, PGs, 5-HT and cytokine
releases are essential.

Glucocorticoids have been known to retard the formation of lysosomal enzymes in
monocytic phagocytes, collagenase in human skin, rheumatoid synovium and rat
uterus, histamine as well as 5-HT in mast cells and basophils, PGs in fibroblasts,
monocytes and basophils and antibodies in previously immunised as well as non
immunised animals [360-369].

Glucocorticoids were first used about 20 years ago to treat GI disorders. Although
their precise mode of action is still unknown, studies by Schleimer et al [364-366]
have suggested that the glucocorticoids may affect histaminocytes of the human GI
tract. Also the therapeutic potency of steroids in conditions such as IBD and other
inflammatory disorders of the GI tract [351], where the mast cell has been considered
to be a relevant inflammatory cell, suggests that the effects of glucocorticoids on mast
cells merit study.

Hence, we have investigated the effect of four clinically relevant glucocorticoids; P,
MP, hydrocortisone (HC) and BM [Fig 5.1], on histamine release from anti-IgE
stimulated RPMCs (purified and non-purified), human GI (HCM and HCS) mast cells
and basophil leukocytes.

5.2 METHODS

There are some specific variations in this study as compared to the previous chapters.
The buffer used was sterile Eagles medium and a CO 2 chamber at 37 °C was used for
preincubation studies in excess of 2 hours. Preincubation studies from 10 min to 2
hours were undertaken in the water bath at 37 °C.
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5.3 RESULTS

5.3.1

Effect of glucocorticoids on histamine release from immunologically

stimulated RPMCs

The effects of glucocorticoids on histamine release from immunologically stimulated
purified and unpurified RPMCs were examined.

The study used a range of

preincubation periods 10, 30, 60, 90, and 120 min (short preincubation periods) where
only unpurified RPMCs were employed. For the longer preincubation periods of 3,
6

, 12 and 24 hours, both unpurified and Percoll-purified mast cells were used.

The cells used in this study were structurally intact as judged under light microscopy,
with cell viability >98.7 % and spontaneous release <10 %.

The glucocorticoids BM, HC, P and MP were preincubated with unpurified RPMCs,
and they produced negligible inhibition for the first 10 min [Table 5.1].

When

preincubated for longer periods, the steroids produced more effective inhibition of
histamine release, reaching maximal inhibitions of 17.3 ± 1 .6 (BM),

8 . 6

± 2.5 (HC),

27.4 ± 3.6 (MP) and 31.5 ± 7.5 % (P) after 120 min preincubation at the highest test
concentration (10'^ M). The inhibitory effect of these steroids on histamine release
from unpurified RPMCs thus seems to be time and dose-dependent [Fig 5.2-5.5].

The inhibition of histamine release from unpurified RPMCs further increased with
time from 3 hours to 24 hours in a dose-dependent fashion (10'^^ M-10 ^ M). The
inhibition of histamine release after 3 hours preincubation before challenge reached
maximal inhibitions of 25.9 ± 8.0 (BM), 24.6 ± 4.1 (HC), 24.9 ± 7.0 (MP) and 46.0
± 5.1 % (P) at the highest test concentration (10'^ M) [Fig 5.6]. The inhibition after
6

hours preincubation amounted to 31.0 ± 7.0 (BM), 26.9 ± 2.5 (HC), 24.0 ± 1 .9 (MP)

and 36.0 ± 5.3 % (P) at the same concentration (10'^ M) [Fig 5.7]. These values did
not increase after 12 hours preincubation [Fig 5.8] but the maximal inhibition for each
glucocorticoid was 43.7 ± 2.3 (BM), 26.8 ±

6 .8

(HC), 57.1 ± 2.4(MP) and 63.7 ± 6.4

% (P) for 24 hours preincubation at 10'^ M [Fig 5.9].
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The second stage of this experiment used purified RPMCs.

The inhibition of

histamine release increased in a time and dose-dependent fashion from 3 to 24 hours,
although the maximum percentage inhibition was less than that observed with
unpurified RPMCs. The inhibition of immunologically stimulated histamine release
after 3 hours preincubation was dose-dependent, reaching maximal inhibitions of 12.4
± 4.1 (BM), 12.4 ± 5.3 (HC), 14.7 ± 3.8 (MP) and 16.9 ± 5.0 % (P) at the highest test
concentration (10'^ M). The maximal inhibition of histamine release after

6

hours

preincubation before challenge exhibited no further increase with HC and BM, while
the inhibition increased by about 5 % with MP and P at the same concentration (10'^
M). After 12 hours preincubation, the inhibition increased with all of the steroids to
give maximum inhibitions of 25.0 ± 3.2 (BM), 20.0 ± 4.5 (HC), 31.6 ± 5.2 (MP) and
36.0 ± 2.3 % (P) at the highest test concentration (10'^ M).

After 24 hours of

preincubation, the inhibition of histamine release reached maximal inhibitions of 28.9
± 2.0 (B), 22.3 ± 3.1 (HC),

6 8 . 6

± 5.8 (MP) and 49.5 ± 3.3 % (P) at the same

concentration (10'^ M) [Fig 5.10-5.13].

5.3.2

Effect of glucocorticoids on histamine release from immunologically

stimulated GI mast cells

The cells isolated from the HCM were structurally intact as judged under light
microscopy. These cells were highly viable (<99 %) and had a spontaneous release
of

< 1 0

%.

These cells were preincubated with the glucocorticoids for 10, 30, 60, 90, 120 and 240
min for short term preincubation studies and

6

, 9, 12, 24 hours for long term

preincubation studies. The compounds produced negligible inhibition at the first two
preincubation periods of 10 and 30 min with no indication of any dose-dependent
effect [Table 5.2]. The inhibition of histamine release increased to approximately 10

% after 60 min preincubation and some dose-dependent inhibition was becoming
apparent.

After 90 min preincubation, HC, P and MP produced effective

concentration-dependent inhibition of immunologically stimulated histamine release,
while BM produced negligible inhibition over the concentration range tested (10'*^ M-
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10’^ M). However, after 120 min preincubation all of the glucocorticoids produced
effective dose-dependent inhibition reaching maximal values of 23.0 ± 1 .6 (BM), 23.8
± 2.5 (HC), 14.7 ± 3.3 (MP) and 18.6 ± 5.7 % (?) at the highest test concentration
(10-" M) [Fig 5.14-5.17].

The steroids showed effective inhibition of immunologically stimulated histamine
release after 3-24 hours preincubation.

The inhibition of histamine release was

maximal after 24 hours preincubation, with values of 28.0 ± 2.4 (BM), 32.2 ± 3.2
(HC), 50.1 ± 5.0 (MP) and 63.2 ± 4.5 % (P) at the highest test concentration (10'" M)
[Fig 5.18-5.21].

The cells isolated from HCS were structurally intact as judged under light microscopy.
These cells were highly viable (>98 %) and had a spontaneous histamine release of

<10

%.

The mast cells were preincubated with the glucocorticoids for the same periods as
above. In this study, the inhibition of histamine release was negligible for the first 10
and 30 min preincubation periods [Table 5.2 and Fig 5.22], while after 60 min
preincubation, inhibition of histamine release was more prominent and reached
maximal inhibitions of 15.0 ± 1.8 (BM), 13.1 ± 1.5 (HC), 13.3 ± 2.8 (MP) and 18.9
± 4.0 % (P) at the highest test concentration (10" M) [Fig 5.23]. This inhibition of
immunologically stimulated histamine release increased slightly over the short
preincubation periods, reaching maximal inhibitions after 90 min of 15.0 ± 2.6 (BM),
16.5 ± 2.4 (HC) 16.9 ± 3.4 (MP) and 20.5 ± 6.7 % (P) and after 120 min of 16.9 ±
3.5 (BM), 15.8 ± 5.6 (HC), 18.5 ± 2.3 and 20.4 ± 3.0 % (P) [Fig 5.24,5.25].

The glucocorticoids showed effective dose-dependent inhibition of immunologically
stimulated histamine release after 3 hours preincubation.

This time-dependent

inhibition was evident for all four steroids, although only P and MP produced maximal
inhibitions of 29.8 ± 5.0 (P) and 29.6 ± 2.1 % (MP) at the highest test concentration
(10 " M), while HC and BM produced maximal inhibitions of 33.8 ± 1 .5 (HC) and
22.0 ± 1 .8 (BM) at a lower concentration (10"® M).

Finally, this inhibition of
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immunologically stimulated histamine release became more prominent with time,
reaching maximal inhibitions of 24.0 ± 3.0 (BM), 35.0 ± 1 .8 (HC), 48.0 ± 2.7 (MP)
and 56.0 ± 3.7 % (?) after 24 hours preincubation at the highest test concentration
(10-" M) [Fig 5.26-5.29].

5.3.3

Effect of glucocorticoids on histamine release from immunologically

stimulated human basophil leukocytes

The cells used in this experiment were structurally intact as judged under light
microscopy with cell viability >99.2 % and basal histamine release

< 8

%.

Cells which were preincubated with the various glucocorticoids for 60 min, showed
no marked inhibition of histamine release on immunological challenge.

However,

some inhibition was evident after 120 min preincubation and amounted to 4.6 ± 2.9
(BM), 7.2 ± 2.5 (HC), 10.9 ± 4.8 (MP) and 6.5 ± 2.6 % (P) at the highest test
concentration (10'" M).

The steroids P, MP and BM produced effective dose-

dependent inhibition which increased with time to reach maxima of 16.5 ± 1 .9 (BM),
19.0 ± 2.6 (MP) and 16.2 ± 1.6 % (P) at 10'" M, after 3 hours preincubation, while
HC showed little inhibition under these conditions. Thus, maximal inhibition after 3
hours preincubation was 6.7 ± 2.0 % (HC) at a lower concentration (10'^ M).
However, after

6

hours preincubation all four test steroids showed a similarly

increased, dose-dependent inhibition of histamine release with maximal inhibitions of
18.7 ± 1.4 (BM), 24.1 ± 6.7 (HC), 24.6 ± 1.0 (MP) and 26.7 ± 1.8 % (P) at the
highest test concentration (10'" M). As before, optimal inhibition was observed after
24 hours of preincubation at the highest test concentration (10'" M) of the drug and
amounted to 71.8 ± 5.3 (BM), 48.0 ± 3.8 (HC), 76.2 ± 4.7 (MP) and 83.7 ± 5.6 % (P)
[Fig 5.30-5.36].

Thus, the inhibitory effect of the test steroids on histamine release from
immunologically stimulated basophils was dose and time-dependent. The basophil
leukocytes were more responsive to these agents over long periods of preincubation
(24 hours) than human colonic mast cells (HCM and HCS) and RPMCs (unpurified
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and purified).

5.4 DISCUSSION

The present results have shown that the glucocorticoids BM, HC, P, and MP are
effective inhibitors of histamine release from immunologically stimulated RPMCs,
basophil leukocytes and human colonic (HCM and HCS) mast cells. This inhibitory
effect was not instantaneous and required several hours preincubation for the
glucocorticoids to produce any prominent inhibition in each of the cell types.

This effect is seen more clearly in Table 5.3, showing relevant IC 3 0 values which
suggest an apparent order of glucocorticoid potency for each test compound on the
various inflammatory cell types studied. Hence, for P and MP, HCM mast cells are
more responsive than HCS mast cells. For HC, HCS mast cells are more responsive
than HCM mast cells. For P, MP and HC, purified RPMCs are more responsive than
unpurified RPMCs. For BM, unpurified RPMCs are more responsive than purified
RPMCs. However, human basophils are the most responsive and unpurified RPMCs
are the least responsive cell types [Table 5.3].

Overall, P was the most potent inhibitor of immunologically stimulated histamine
release from three inflammatory cells types (purified RPMCs, HCM and HCS mast
cells). MP was the most potent inhibitor of immunologically stimulated histamine
release from basophils.

HC was the least potent inhibitor of immunologically

stimulated histamine release from unpurified RPMCs and HCM mast cells. Although,
BM was the most potent inhibitor of immunologically stimulated histamine release
from unpurified RPMCs and was equapotent with HC on immunologically stimulated
histamine release from basophils.

This variation in glucocorticoid potency and cellular responsivity may reflect different
modes of action in the various cell types. There are two possible mechanisms of
action, membrane stabilization and/or induction of the specific proteins, and it may be
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that the least responsive cell types are employing only one mechanism, while the most
responsive cell types are employing both [370-376].

These results correlate with anti-inflammatory potencies measured by Schleimer et al
[365], who reported that steroids produce a time-dependent inhibition of histamine
release from human basophils. The relative activity of a series of steroids as inhibitors
of histamine release correlated well with the in vivo anti-inflammatory activity of the
same compounds [364-366].

Further studies have shown steroids to inhibit mediator release from other
inflammatory cells in vitro [362,363,377].

MacGlashan et al in the 1980s [366]

demonstrated that steroids could inhibit histamine release from human tissue mast
cells. These investigators gave the steroids a rank order of potency for each mast cell
type.

This order was consistent with the anti-inflammatory potency of these

compounds in man and was also similar to their binding constants for the steroid
receptor in/on mast cells. These results suggested that the effect of these steroids on
the inhibition of histamine release may give an indication of respective potencies in
IBD and other inflammatory conditions of the GI tract [376].

Glucocorticoids

have

also

been

shown

to

inhibit

PLA 2

activity,

cAMP

phosphodiesterase and the release of serotonin and AA metabolites (PGs and LTS)
[366,378,379]. Further, findings by Schleimer et al have shown glucocorticoids to
inhibit the formation of LTs by human inflammatory cell types [378].

LTs are

considered to be central mediators of the inflammatory response and their release is
thought to be important in diseases of immediate hypersensitivity. Inhibition o f LT
release by anti-inflammatory steroids may serve as a central mechanism of their
action.

Steroids affect the concentration, distribution and function of peripheral leukocytes and
inhibit PLAj activity. PLA 2 has an important function in the inflammatory reaction
in releasing AA from membrane phospholipids and thereby supplying the substrate for
the cyclo-oxygenase and lipoxygenase pathways.

The activity of PLA 2 is also of
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importance in stimulus-response coupling in various cell types, including rat mast
cells, and is dependent on the initial receptor-mediated events such as phospholipid
méthylation or PI degradation. The glucocorticoids may influence the PL activity by
forming complexes with specific cytoplasmic receptors which move to the nucleus,
where they initiate RNA synthesis leading to protein synthesis [377]. These proteins
then mediate the glucocorticoid response, as demonstrated with macrocortin from rat
leukocytes, lipomodulin from rabbit neutrophils, and a vascular permeability regulating
protein [377,379,380].

In addition, macrocortin is stored in the leukocytes and

released by exposing the cells to glucocorticoids. The release of macrocortin induced
by glucocorticoids also seems to involve transcriptional and translational events, which
is somewhat surprising considering the short period of action (less than 30 minutes).

Macrocortin and lipomodulin are inhibitors of PLA 2 , and this effect is considered to
mirror the anti-inflammatory effect of the glucocorticoids [379,380].

Thus, the

inhibitory effect of the glucocorticoids on histamine release from mast cells could be
due to receptor mediated release of a macrocortin-like PL inhibitor. Studies on rat
mast cells and basophilic leukaemia cells have suggested that the stimulus-secretion
coupling sequence is as follows; antigen cross-linking of IgE, stimulation of
phospholipid méthylation, influx of calcium and activation of PLs initiating fusion of
granule and plasma membranes.

Findings have indicated that glucocorticoids

selectively inhibit IgE-mediated release by reducing IgE-stimulated calcium flux
[366,374,375].

Hence, a possible mechanism of action of glucocorticoids involves the drug acting
through a cytoplasmic receptor that, when activated, migrates to the nucleus where it
binds to sites on the chromatin. The steroid-receptor complex initiates transcription
of specific gene sequences into RNA molecules which are then processed into
mRNAs.

These leave the nucleus and bind to ribosomes where their nucleotide

sequences are translated into the corresponding amino acid sequences of proteins and
specific enzymes. One of these proteins may then be the anti-inflammatory agent,
macrocortin (lipocortin) [Fig 5.37]. Various lines of evidence support the concept that
specific gene expression following entry of the glucocorticoid-receptor complex into
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the nucleus in the target cells is responsible for almost all components of the anti
inflammatory action of glucocorticoids [377].

In total, the study suggests that anti-inflammatory steroid are effective inhibitors of
histamine release from a range of mast cells and human basophils. Such an effect
may account for the beneficial therapeutic effects of these compounds especially in
IBD.
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Fig 5.3 Effect o f anti-inflammatory steroids on histam ine release from UPMCs
stim ulated with anti-IgE (200-300 fold dilution). The drugs were preincubated
with the cells for 60 min before challenge (n=6)
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stim ulated with anti-IgE (200-300 fold dilution). The drugs were prcincubated
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Fig 5.8 Effect o f anti-inflam m atory steroids on histamine release from RPMCs
stim ulated with anti-IgE (200-300 fold dilution). The cells were prcincubated
with the drugs for 12 hours before challenge (n=6)
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stim ulated with anti-IgE (200-300 fold dilution).
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Fig 5.11 Effect o f anti-inflam m atory steroids on histam ine release from purified
RPMCs stim ulated with anti-IgE (200-300 fold dilution). The drugs were
preincubated with the cells for 6 hours before challenge (n=6)
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Fig 5.12 Effect o f anti-inflam m atory steroids on histam ine release from purified
RPMCs stim ulated with anti-IgE (200-300 fold dilution). The drugs were
preincubated with the cells for 12 hours before challenge (n=6)
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Fig 5.13 Effect o f anti-inflam m atory steroids on histam ine release from purified
RPM Cs stim ulated with anti-IgE (200-300 fold dilution). The drugs were
preincubated with the cells for 24 hours before challenge (h=6)
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Fig 5.14 Effect o f anti-inflam m atory steroids on histam ine release from
HCM stim ulated with anti-IgE (200-300 fold dilution). The drugs were
preincubated with the cells for 30 min before challenge (n=6)
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Fig 5.15 Effect o f anti-inflam m m atory steroids on histam ine release from
HCM mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 60 min before challenge (n=6)

25 -

MP

BM

15-

HC

W
H-*

&
0c

In )

IS
1

5-

-5-

-15

i m

10

-14

|

10

I

-13

I— I f I i i i |

10

I

-12

1

I

III m

■■

.-11

10''

I

I "IT T I n

10

I

i- H T

i r n | ‘

-10

Concentration (M)

10

■■■ r

-9

i

1 1 1 1 1 1;

10

1

-8

1

1 1 1 u i|

10

iii|

-7

1 0

"1 " :

'G

r I ' l I f I'l

1 0

'S

Fig 5.16 Effect o f anti-inflam m atory steroids on histam ine release from
HCM mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 90 min before challenge (n=6)
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Fig 5.17 Effect o f anti-inflam m atory steroids on histam ine release from
HCM mast cells stim ulated with anti-IgE (200-300). The drugs
were preincubated with the cells for 120 min before challenge (n=6)
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Fig 5.18 Effect o f anti-inflam m atory steroids on histam ine release from
HCM mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 3 hours before challenge (n=6)
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Fig 5.19 Effect of anti-inflam m atory steroids on histam ine release from
HCM m ast cells stim ulated with anti-IgE (200-300 fold dilution).
The drugs
were preincubated with the cells for 6 hours before challenge (n=6)
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Fig 5.20 Effect o f anti-inflam m atory steroids on histam ine release from
HCM mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 12 hours before challenge (n=6)
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Fig 5.21 Effect of anti-inflam m atory steroids on histam ine release from
HCM mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 24 hours before challenge (n=6)
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Fig 5.23 Effect of anti-inflam m atory steroids on histam ine release from
l i e s mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 60 min before challenge (n=6)
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Fig 5.22 Effect o f anti-inflam m atory steroids on histam ine release from
HCS mast ceils stim ulated with anti-IgE (200-300 fold dilution). The drugs
were prcincubated with the cells for 30 min before challenge (n=6)
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Fig 5.24 Effect of anli-inflam m atory steroids on histam ine release from
HCS mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 90 min before challenge (n=6)
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r ig 5.26 Effect o f anti-inflam m atory steroids on histam ine release from
l i e s mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 3 hours before challenge (n=6)
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Fig 5.27 Effect o f anti-inflam m atory steroids on histam ine release from
HCS mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 6 hours before challenge (n=6)
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Fig 5.28 Effect o f anti-inflam m atory steroids on histam ine release from
HCS mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 12 hours before challenge (n=6)
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Fig 5.29 Effect of anti-inflam m atory steroids on histam ine release from
HCS mast cells stim ulated with anti-IgE (200-300 fold dilution). The drugs
were preincubated with the cells for 24 hours before challenge (n=6)
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Fig 5.30 Effect o f anti-inflam m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution). The drugs
were preincubated with the cells for 60 min before challenge (n=6)
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Fig 5.31 Effect o f anti-inflam m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution ). The drugs
were preincubated with the cells for 120 min before challenge (n=6)
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Fig 5.32 Effect o f anti-inflam m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution). The drugs
were preincubated with the cells for 3 hours before challenge (n=6)
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Fig 5.33 Effects o f anti-inflam m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution). The drugs
were preincubated with the cells for 6 hours before challenge (n=6)
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Fig 5.34 Effect o f anti-inflam m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution). The drugs
were preincubatcd with the cells for 9 hours before challenge (n=6)
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Fig 5.35 Effect o f anti-inflam m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution). The drugs
were preincubated with the cells for 12 hours before challenge (n=6)
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Fig 5.36 Effect of anli-lnflum m atory steroids on histam ine release from
basophils stim ulated with anti-IgE (500-1500 fold dilution). The drugs
were preincubated with the cells for 24 hours before challenge (n=6)
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Fig 5 .37

P r o p o s e d m e c h a n i s m of action for g lu c o c o r ti c o id s

Source:

A l l e r g y , p r i nc i p l es a n d p r a c t i c e ( Ed s. E. M i d d l e t o n , C . E .

R e e d , E . Fe l i s , J . W . Y u n g i n g e r a n d W . W . B u s s e ) , M o s b y , c h a p t e r 3 4
(R. P. S c h l i e m e r ) , 1993
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T able 5.1 Effects of anti-inflam m atory steroids on h istam ine release from ral
peritoneal m ast cells (RPMCs) stim ulated w ith an optim al amount of anti
rat IgE (200-300 fold dilution). The cells w ere preincubated w ith the drug for
10 m in before challenge. Value are given as percentage inhibition of
histam ine release (n=6)

RPM Cs
C oncentrations P
(M)

MP

BM

HC

lO e-6

-2.5 ± 1.6

3.9 ± 2.5

1.2 ± 3 .0

3.9 ± 2.9

lOe-8

1.4 ± 2 .4

1.1 ± 1.4

8.3 ± 1 . 0

6.1 ± 1.0

lO e-10

1.6 ± 4.6

1.4 ± 1.6

0.7 ± 3.2

3.9 ± 3.2

lO e-12

3.5 ± 3.5

8.5 ± 3.1

0.9 ± 3.0

0.2 ± 3.0
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Table 5.2 Effects of anti-inflammatory steroids on histamine release from
human colonic mucosal (HCM) and muscularis (HCS) mast cells stimulated
with an optimal amount of anti-human IgE (200-300 fold dilution). The celh
were preincubated with the drug for 10 min before challenge. Values are
given as percentage inhibition of histamine release (n= 6 )

HCM
C o n c e n tra tio n s

P

MP

BM

HC

lOe- 6

1.1 ± 4 .9

2.7 ± 0.9

3.6 ± 2.0

3.1 ± 3.6

lOe - 8

1.2 ± 1.4

1.7 ± 0 .8

2.4 ± 1.6

4.5 ± 2.6

lOe-10

0.2 ± 6.3

1.6 ± 0 .3

2 . 0

±

1.9 ± 0.4

lOe-12

2.2 ± 1.3

0 . 6

(M)

±

1 .0

0 . 8

1.9 ± 0 .8

1.5 ± 0.2

HCS
P

MP

BM

HC

lOe - 6

1.3 ± 5 .4

2.0 ± 6.7

1.0 ± 4 .0

5.4 ± 3.9

lOe - 8

1.1

± 4 .9

4.0 ± 6.0

2.0 ± 3.3

1.7 ± 6.7

lOe-10

8.0 ± 5 .5

1.3 ± 6.1

1.3 ± 1.2

2 . 0

±

2 . 2

lOe-12

-1.3 ± 6.3

1.4 ± 4 .3

1.4 ± 2.2

2 . 6

±

2 . 0

C o n ce n tra tio n s
(M)
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Table 5.3 Steroid IC30 values for immunologically induced histamine
release from mast cells and basophils. The cells were preincubated for
24 hours before challenge (n= 6 )

IC 3 0 values (M)
RPM Cs

RPM Cs

p u rifie d

u n p u rifie d

P

5 x l0 e -1 2

5 x l0 e-1 0

MP

2

HC

lx lO e - 8

> l x l 0 e- 6

> 5 xl0e-6

4 x l0 e -8

lxlO e-9

BM

> lx lO e - 6

2

x l 0 e- 1

> l x l 0 e- 6

> l x l 0 e- 6

lxlO e-9

HCMM Gs

H CSM Cs

B asophils

lxlOe-11

2

x l0 e -ll

4 x l0 e-1 2

x l 0 e - ll

8

x l 0 e- 1

lxlO e-12

S tero id s

x l 0 e- 1

0

2

x l 0 e- 8

2

0

0

CHAPTER 6

The study of histaminocytes
from the gastric system of the
rat, guinea pig and human
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6.1 Introduction
The stomach secretes about 2.5 litres of gastric juice daily. The principal exocrine
secretions are pepsinogens from the peptic cells and HCl and intrinsic factor from the
parietal cells.

In addition, mucus is secreted by cells found throughout the gastric

mucosa and, according to recent evidence, bicarbonate is also secreted, though the cell
type involved is not known [92,381]. Disturbances in all these secretory functions are
thought to be involved in the pathogenesis of peptic ulceration and the therapy of this
condition may involve drugs which modify each of these factors. The control of gastric
secretion involves both neuronal and humoral mechanisms.

Secretion is generally

classified under the headings cephalic, gastric and intestinal according to the location
of the afferent stimuli initiating the response [92].

The cephalic phase occurs when afferent impulses, initiated by the taste and smell of
food or the thought of an appetizing meal, are relayed through vagal efferent fibres to
the stomach. Emotional factors can influence gastric secretion through these pathways.
Cutting the vagus blocks the cephalic phase, while stimulation of specific areas in the
frontal cortex and the anterior hypothalamus results in gastric secretion [92,382].

The gastric phase is brought about partly by distension of the stomach with food and
partly by a chemical mechanism operating through amino-acids and other products of
digestion [92]. These stimuli act on receptors in the mucosa and the stomach wall,
initiating local neuronal reflexes which involve the same post-ganglionic cholinergic
neurons that are stimulated by vagal pre-ganglionic fibres [92,381]. The activation of
these neurons induces the release of gastrin.

Protein digestion products also act on

gastrin-secreting ’G ’ cells in the pyloric mucosa causing gastrin release; these products
may, in addition, have a direct stimulant effect on the acid-secreting parietal cells. As
acid secretion proceeds, and the pH falls, gastrin secretion is inhibited [92].

The intestinal phase is brought about by protein digestion products entering the
duodenum and influencing the secretory activity of the stomach. This is evident from
the fact that addition of chyme or
secretion [92].

1 0

% peptone to this area results in gastric acid

The mechanism of this effect is uncertain but may involve either a

bombesin-like hormone released from the duodenum into the blood, or another peptide
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termed entero-oxyntin which has been isolated from the mucosa in this area and which
is said to have the requisite action [92].

Fats and carbohydrates, on entering the duodenum, tend to inhibit gastric secretion and
it is thought that this action is mediated by the hormone gastric inhibitory peptide
(GIF).

A number of peptide hormones inhibit secretion, including GIF and

enterogastrone, which are endocrine secretions of the intestinal mucosa, and
somatostatin, a paracrine secretion of the gastric mucosa [92,383-385]. Factors which
stimulate gastric secretion are hypoglycaemia, the intake of caffeine-containing drinks,
amino-acids (phenylalanine, histidine) and alcohol, which stimulate secretion by a direct
action on the parietal cell [92].

The predominant cell which regulates gastric acid secretion is the parietal cell. This
cell is especially important in peptic ulceration and constitutes a particular target for
drug action. The secretory product from the parietal cells appears to be an isotonic
solution with a pH of less than 1, and contains 150 mEq/litre each of
is in contrast to the 4 x 10 ^ mEq of

and Cl , which

and 100 mEq of Cl' per litre of plasma [92].

The Cl is actively transported into canaliculi in the cells which communicate with the
lumen of the gastric glands and thus with the lumen of the stomach.
the Cl and is then exchanged for

accompanies

from within the cell by a K^/H^ ATFase. H 2 CO 3 ,

formed from CO 2 and H 2 O in a carbonic anhydrase-catalysed reaction, dissociates to
form

and HCO 3 .

The HCO 3 exchanges across the basal membrane for Cl .

Consequently, during gastric secretion, the venous blood from the stomach has a higher
pH than arterial blood and this is reflected in an increased pH in the urine [92].

The parietal cell is known to have at least three types of receptors, H 2 -receptors,
gastrin/CCKg receptors and ACh receptors [386-388], which may be stimulated by their
respective agonists; histamine, gastrin and ACh. These substances represent a paracrine
secretion (local hormone), a hormone and a neurotransmitter respectively.

There has been a long-running controversy as to the relative roles of histamine and
gastrin as gastric acid secretagogues. The development of the histamine H 2 -receptor
antagonists has made it clear that histamine is important as a physiological regulator of
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acid secretion. Further understanding of the mechanism is likely to result from in vitro
studies on isolated gastric glands, parietal cells and histaminergic cells.

6.1.1 Gastrin
Gastrin is a hormone which is synthesized and released into the portal blood and the
lumen of the stomach from the G cells in the glands of the gastric antrum mucosa and
the upper portion of the duodenum. Gastrin is also found in the central nervous system
and in the vagus and sciatic nerves [389].

Gastrin is the generic name given to a family of straight-chain peptides. In man, there
are three main forms of the hormone, containing 34, 17 and 14 amino-acids and termed
respectively G34 or big gastrin, G17 or little gastrin, and G 14 or minigastrin. G 17
appears to be the main form of gastrin involved in the control of gastric secretion. The
tetrapeptide comprised of the four amino-acids (trp-met-asp-phe) at the C terminal end
(which are common to all three forms of gastrin) is physiologically active, though this
fragment has only 10 % of the potency of G 17 [92,389].

The main action of gastrin is the stimulation of acid secretion by parietal cells. This
action may be due to a direct effect on the parietal cell, entirely mediated through the
release of histamine, or partly direct and partly histamine-mediated [389]. It is reported
that gastrin receptors on the parietal cells have been identified using radioactively
labelled gastrin [387]. However, the development of specific, competitive gastrin/CCKg
receptor antagonists has been slow and only over the last few years an accumulation of
data has allowed us to characterise gastrin receptors which are now considered to be
gastrin/CCKg receptors. CCKg receptor is a CCK receptor subtype in the brain which
possess pharmacological characteristics similar to those of the gastrin receptor. It may
be pertinent to this assessment that, in many species, H 2 -antagonists inhibit the action
of gastrin which suggests that, if it does have a direct action, it requires histamine for
a full effect [92,390,391].
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6.1.2 Acetylcholine (ACh)

ACh is released from neurons and stimulates specific muscarinic receptors on the
surface of the parietal cells, and on the surface of histamine containing cells, as shown
by studies with competitive antagonists [386,392,393].

The signal transduction mechanism in the parietal cell involves a rise in cytosolic
calcium and is dependent on an adequate extracellular calcium concentration.

In

pancreatic acinar cells a similar increase in calcium caused by ACh is dependent on the
turnover of Pis and the generation of IP 3 and it is believed that a similar mechanism of
raising cytosolic Ca^"" operates in the parietal cell [394-396].

6.1.3 Histamine
The role of histamine in gastric acid secretion is now better understood due to the
development of the H 2 -receptor antagonists by Sir James Black, Professor Robin
Ganellin and their colleagues [84,397]. It is known that parietal cells have H 2 -receptors
that are very sensitive to histamine [386,398].

In the human and the dog, gastric histamine is derived predominantly from mast cells,
which lie in the region of the parietal cells; in the rat and guinea pig, it is derived from
the ECL cells, which lie in close proximity to the enteric nervous system [399].

The exact mechanism of action of histamine, ACh and gastrin on the parietal cell is not
entirely clear. A reason for this uncertainty is due to considerable species differences
in the responses of the experimental animals used to investigate this problem. However,
over the years two mechanisms have come to be more accepted, the "single cell
hypothesis" [Fig 6.1] and "the interaction hypothesis" [Fig 6.2] [400].

In the first

model, gastrin and ACh function to release histamine which then acts alone on the
parietal cell to induce acid secretion. In the second model, the three agents interact in
concert on the parietal cell to evoke the release of acid.

Before the development of H 2 -receptor antagonists, the concept that histamine was a
physiological stimulant of the parietal cells, subserving both gastrin and the vagus, was
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introduced and developed by Code [401] and Kahlson et al [402].

Kahlson et al

showed that refeeding of fasted rats and injection of gastrin lowered the gastric mucosal
histamine content and raised the activity of the histamine-forming enzyme in the
oxyntic mucosa.

Further studies indicated that vagal stimulation was capable of

inducing similar changes in the mucosal histamine content and the rate of histamine
formation [403].

It was subsequently shown that gastrin was the agent principally

involved in mobilizing histamine and raising histidine decarboxylase activity [403,404].
Thus, it is well established that gastrin releases histamine from the oxyntic mucosa and
activates the histaminc-forming enzyme [389]. According to the single cell hypothesis,
histamine alone acts on specific H 2 -receptors on the parietal cell to increase cAMP and
transiently elevate cytosolic Ca^^ [400].

The release of histamine from the

histaminocyte is due to activation of muscarinic (ACh) and/or gastrin/CCKg receptors
[400]. Histamine release thus plays the major role in activation of parietal cell acid
secretion, because only histamine increases intracellular cAMP. Consistently, in all in

vitro models tested, cAMP is able to elicit a full secretory response [398,400].
The second proposed mechanism for gastric acid secretion "the interaction hypothesis"
is based mainly upon the results of studies using isolated oxyntic glands or enriched
suspensions of parietal cells [406,407] and the development of H 2 ~antagonists
[84,397,405,408]. Studies by Grossman and Konturek in 1974 [409] found that both
metiamide, a histamine H 2 -receptor antagonist, and atropine inhibited pentagastrinstimulated secretion in the dog, and that both these blockers also attenuated vagusstimulated secretion.

Grossman and Konturek concluded that "if inhibition of

pentagastrin by metiamide is to be taken as evidence that pentagastrin releases
histamine, then by the same token inhibition of pentagastrin by atropine can be taken
as evidence that pentagastrin releases ACh. Since it is not reasonable to suppose that
pentagastrin acts by releasing both histamine and ACh, an alternative hypothesis was
sought". Grossman and Konturek suggested that secretion arose from the interaction of
multiple messengers rather than a final common pathway. Gastrin was thought to elicit
an effective response in the parietal cells only if histamine was already occupying
histamine receptors.

According to the "interaction hypothesis", histamine, ACh and

gastrin all have receptors on the parietal cell surface, and occupation of one receptor
potentiates the secretory response to the other two [400,410].
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The stimulation of parietal cell secretion by gastrin and ACh could reflect their binding
to receptors on the parietal cell membrane, their efficacy being increased by a
potentiating interaction with histamine. However, carbachol alone does not potentiate
the effect of gastrin, nor does gastrin potentiate the effect of carbachol. There is thus
no simple carbachol-gastrin interaction, but a three way interaction, gastrin-carbacholhistamine, is involved [386,400,411].

The interaction hypothesis has been generally considered to provide the most acceptable
model of gastric acid secretion. This situation has arisen because of the compatible
evidence accumulated over the years and also because of the apparent failure of the
single cell hypothesis in which histamine is considered to be the final stimulant. Beavan
suggested that the latter could not be the case in carbachol-induced secretion because
metiamide failed to block the effect of the muscarinic agonist in vitro [412].

However, Black et al [413] and Black and Shankley [414,415] have subsequently
studied the effect of gastrin in isolated mouse stomach preparations. This preparation,
with its intact architecture, is closer to the physiological situation than isolated gastric
mucosa, glands or cells. These authors concluded that H 2 -receptor antagonists inhibit
gastrin stimulated acid secretion by antagonizing the effect of histamine release, and
that gastrin caused acid secretion partly by a direct action on the parietal cell and partly
by an action on a histamine containing cell.

Using the same preparation, Angus and Black [416] and Black et al [413,417] could
partly explain the H 2 -receptor antagonism of muscarinic-stimulated acid secretion by
proposing that these agents also acted by inducing histamine release. They also found
evidence that electrical stimulation of postganglionic neurons released ACh in close
proximity to histamine-containing cells, that ACh receptors were located at two different
sites in the gastric wall, and that histamine was associated with only one o f these
receptor populations. These studies concluded that the effects of vagal stimulation were
mediated by histamine and suggested that the vagus stimulates histamine release locally
through an action on muscarinic receptors upon the histamine-storing cell.
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These studies by Black and colleagues have concluded that histamine has a pivotal role
in gastric acid secretion and that the single cell hypothesis provides the most coherent
model for this process. Also, the interaction hypothesis requires a local secretion of
histamine in order for gastrin and ACh to stimulate acid secretion fully. However, these
stimuli do not necessarily control the secretion of histamine in vivo [400]. As histamine
alone is able to stimulate maximal acid secretion, any physiological or pathological
event which increases histamine secretion will override the control of acid secretion
from gastrin and the vagus [400]. Thus, neither the "single cell hypothesis" nor "the
interaction hypothesis" are able to explain all known facts satisfactorily.

The reason for these mechanisms not being able to account for all of the available data
may be due to the involvement of other factors, namely somatostatin cells and H 3
receptors in the gastric system. The somatostatin cells are distributed throughout the
gut [418]. They are known to have gastrin receptors which may stimulate the release
of a potential inhibitory hormone somatostatin [419]. Studies using cultures of canine
fundic somatostatin cells indicate that the release of the hormone is induced by gastrin,
cholecystokinin, secretin and glucagon, but inhibited by muscarinic agonists [418,419].
The release of somatostatin into the circulation by gastrin or intraintestinal fat [419-422]
is capable of inhibiting gastric acid secretion in humans. However, the mechanism of
this effect is not clear, though a possible route may be that somatostatin inhibits acid
secretion by acting on parietal cells or histaminergic cells. The role of somatostatin
cells in acid secretion, based on the evidence so far, seems to be purely regulatory.

A third subtype of histamine receptor (H3) has been described over the last ten years.
It exists in the brain, where it negatively controls both histamine synthesis and release
[82]. Subsequently, following the identification of selective agonists and antagonists,
histamine H3 -receptors were discovered in peripheral tissues, where they modulate
histamine synthesis [87,423] as well as sympathetic, cholinergic and non-adrenergic
non-cholinergic neurotransmission [424-426].

In the GI tract, several studies have

revealed the presence of histamine Hj-receptors in enteric ganglia where they modulate
cholinergic neurotransmission [427].

Moreover a report by Hervatin et al [428]

suggested that histamine H 3 -receptor stimulation may induce a 50 % inhibition of
pentagastrin- and peptone meal-induced acid secretion. Other studies on histamine H 3
receptors of the cat and dog have to some degree consolidated the work by Hervatin et
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al [429,430]. The data accumulated over the last few years thus seem to suggest that
histamine H^-receptor activation could provide an additional mechanism for the
regulation of gastric acid secretion.

Thus, it is essential to study the basic mechanism of gastric acid secretion, such as
origins and controlling factors of gastric histamine in the human GI tract, before even
considering the regulatory mechanism of gastric acid secretion.

This will help to

explain the mechanism of gastric acid secretion and allow for the development of
gastric acid regulatory mechanisms. Histamine is present at high concentrations in the
gastric mucosa of all mammals studied. In several species such as the mouse, rat and
hamster, histamine is found mainly in a population of ECL cells, while in the pig,
monkey, cat, dog and man, histamine is stored predominantly in mucosal mast cells
[399,400,431].

To be physiologically relevant, the histamine pool has to be within

diffusion distance of the parietal cells, it must be mobilized by gastrin, and mechanisms
should operate to ensure the rapid replenishment of lost histamine.

6.1.4 Enterochromaffin-like (ECL) cells
The acid-producing part of the stomach is rich in endocrine cells and ultrastructural
examination has identified three to five different cell types (depending on the species)
[432]. Based on their ultrastructural and histochemical properties, all types are assumed
to produce peptide hormones, but this has been well characterised only for the
somatostatin cell population [433].

The regional and topographical distributions of

many of the endocrine cell populations in the stomach vary from one species to another.
However, in all species the so-called ECL cells constitute the predominant endocrine
cell populations in the acid-producing part of the stomach. These cells are known to
store histamine in all vertebrates studied so far [399,400,431]. They are usually located
in the basal third of the mucosa, i.e. in the chief-cell-rich region, whereas the parietal
cells predominate in the middle third.

The ECL cells often issue long cytoplasmic

processes along the basal membrane and have a characteristic ultrastructure with
numerous vesicular-type cytoplasmic granules. In the rat oxyntic mucosa, ECL cells
make up 65 % of the entire population of endocrine cells compared with 35 % in the
human stomach [434,435].
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The release of gastric histamine by either gastrin or ACh must be followed by rapid
replenishment of the histamine stores in order to maintain a long-lasting excitation of
the parietal cells; thus, the capacity to manufacture gastric mucosal histamine is crucial.
ECL cells of rodent and mammalian origin are rich in histidine decarboxylase, while
mast cells seem to contain much less [436].

Much evidence would seem to support the view that histamine in ECL cells represents
a physiologically relevant source of histamine in the pig, monkey, cat, rat, guinea-pig,
and dog [399]. injection of gastrin mobilizes ECL cell histamine and accelerates the
synthesis of the histamine-forming enzyme in the rat, guinea-pig and dog [437]. In
addition, ECL cell histamine is released in response to physiological concentrations of
circulating gastrin and the histamine content is rapidly replenished. However, although
the ECL cell fulfils many of the prerequisites for a physiologically relevant source of
histamine, it is not apparent how its preferential localization at the base of oxyntic
glands (and therefore some distance from the bulk of the parietal cells) can be
conducive to a direct effect of released histamine upon the parietal cells. Nevertheless,
histamine may reach the parietal cells via capillary transport from the glandular base
[400,438].

6.1.5 Mast cells

Mast cells occur in the gastric mucosa of all species, although they display differences
with respect to number and topographic distribution. They are numerous in the stomach
of the human, pig, dog and cat, where they occur scattered throughout the mucosa
[400,431].

However, few are found in the rat and mouse stomach, where they are

located in the submucosa and in the uppermost layer of the mucosa.

In all these

species, the mast cells are uniformly distributed throughout the thickness of the mucosa,
without any obvious relation to the parietal cells that predominate in the middle third
of the mucosa. However, at the ultrastructural level, it is sometimes possible to show
such a topographic relationship between individual mast cells and parietal cells such
that a local effect of mobilized histamine could come into play.

However, the

regulation of histamine release from gastric mast cells is poorly understood and, as yet,
there is no evidence that gastrin and/or ACh mobilizes histamine from these cells.
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With this in mind, it is the aim of the present study to isolate mast cells from the
human stomach and ECL cells from the rat and guinea-pig stomach. In each case, these
cells are the main source of gastric histamine in the respective species [399,400,431].
The cells are then characterized and used to study the effect of gastrin, pentagastrin,
ACh and carbachol on histamine release.

6.2 Methods
All methods used in this study were as described in chapter 2.

6.3 Results
6.3.1 Basic characterisation of ECL cells from the rat stomach
The cell yield was 1.9 x lOVg of tissue and the viability was 92.0 ± 6.5 %. ECL cells
comprised 26.0 ± 4 .1 % of the total nucleated cells and the histamine content per ECL
cell was 4.9 ± 1.2 pg (n=10). Cells obtained from the stomach were structurally intact
as judged under light microscopy, highly viable and exhibited acceptable spontaneous
releases of histamine (<15 %) [Table 6.1]. On staining with haematoxylin-eosin, the
cells were seen to have intact nuclei.

The cells tested positively for Gremilius (a

staining procedure to identify ECL cells) and negative for Masson fontana (a staining
procedure to identify argyrophilic behaviour in endocrine cells). The negative response
in the latter case is characterised by the cells staining uniformly black with no
indication of their nuclei [Fig

6

.3-6.5].

6.3.2 Basic characterisation of ECL cells from the guinea-pig stomach

The cell yield was 4.8 x lOVg of tissue, with a cell viability of 95.0 ± 1.2 %. The ECL
cells comprised 28.4 ± 3.0 % of the total nucleated cells and the histamine content per
ECL cell was 2.5 ± 0.9 pg (n= 6 ). Cells obtained from the stomach were structurally
intact as Judged under light microscopy, highly viable and exhibited acceptable
spontaneous releases of histamine (<15 %) [Table 6.1]. The cells were again seen to
have intact nuclei on staining with haematoxylin-eosin, and tested positively for
Gremilius and negatively for Masson fontana [Fig 6 .6 - 6 .8 ].
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6.3.3

Histamine release induced by an immunological stimulus from rat and

guinea-pig stomach ECL cells

The antibody anti-rat IgE, a potent activator of mast cells from the rat, was found to be
ineffective against ECL cells from the rat stomach [Table 6.2].

The antibodies anti-IgG, and anti-Ig 0

2

are effective activators of tissue mast cells from

the guinea-pig but were found to be ineffective against ECL cells from the guinea-pig
stomach

[T a b le

6 .3 ].

6.3.4 Histamine release induced by calcium ionophores, A23187 and ionomycin,
from rat and guinea-pig stomach ECL cells

The calcium ionophores A23187 and ionomycin induced secretion of histamine from
rat and guinea-pig stomach ECL cells. In response to A23187, rat stomach ECL cells
produced a bell shaped curve, reaching a maximum of 21.7 ± 8.4 % at 10'^ M
concentration [Fig 6.9]. The effect of ionomycin on rat stomach ECL cells was similar
to A23187, producing a bell shaped curve with a maximal release of 22.7 ± 5.3 % at
10'^ M concentration [Fig 6.10].

The calcium ionophores A23187 and ionomycin also induced secretion of histamine,
with a bell shaped response, from isolated guinea-pig stomach ECL cells, reaching
maximal releases of 26.4 ±

6 .8

% for A23187 (10'^ M) [Fig 6.9] and 16.3 ± 6.1 % for

ionomycin (10'^ M) [Fig 6.10].

6.3.5 Histamine release by polybasic compounds from rat and guinea-pig stomach
ECL cells
The synthetic polyamine compound 48/80, a potent activator of rat serosal mast cells,
was found to be ineffective against ECL cells from the rat and guinea pig stomach
[Table 6.4].

250
6.3.6 Histamine release induced by detergents from rat and guinea-pig stomach
ECL cells

The detergent Triton X-100 was a potent, probably cytotoxic, releaser of histamine from
rat and guinea pig stomach ECL cells [Fig 6.11]. Another detergent, Tween-20, was
similarly active [Fig 6.12]. Maximal releases were 96.0 ± 2.0 (rat stomach ECL cells,
Triton X-100, 1 mg/ml), 98.0 ± 5.3 (guinea pig stomach ECL cells, Triton X-100, 1
mg/ml) [Fig 6.11], 91.6 ± 4.9 (rat stomach ECL cells, Tween-20, 1 mg/ml) and 90.1 ±
3.1 % (guinea pig stomach ECL cells, Tween-20, 1 mg/ml) [Fig 6.12].

6.3.7 Histamine release by parahormone gastrin and its active moiety pentagastrin
from rat and guinea-pig stomach ECl cells
The parahormone gastrin did not induce histamine release from rat and guinea pig
stomach ECL cells [Table 6.5].

However, the active moiety pentagastrin produced

dose-dependent histamine release from both rat and guinea-pig stomach ECL cells, with
maximal releases of 13.7 ± 3.9 and 11.5 ± 6.0 % at 10^ M concentration [Fig 6.13].

6.3.8 Histamine release by ACh and carbachol from rat and guinea-pig stomach
ECL cells
ACh and carbachol were both found to be ineffective against ECL cells from the rat and
guinea-pig stomach [Table

6

.6,6.7].

6.3.9 Histamine release by parahormone gastrin and its active moiety pentagastrin
from RPMCs

The parahormone gastrin and its active moiety pentagastrin were found to be ineffective
against RPMCs [Table

6

.8 ].
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6.3.10 Histamine release by ACh and carbachol from RPMCs
ACh and its analogue carbachol were found to be ineffective against RPMCs [Table
6.9].

6.3.11

Histamine release by parahormone gastrin and its active moiety

pentagastrin from human colonic and gastric mast cells

Highly viable

( > 9 8

%) mast cells with basal histamine releases of less than <10 % were

isolated from HGM, HGS, HCM and HCS, respectively.

The parahormone gastrin failed to induce any histamine release from HGM, HGS, HCM
and HCS mast cells [Table 6.10]. However, the active moiety pentagastrin produced
some histamine release from HGM, HGS and HCM mast cells, with maximal releases
at a 10-' M concentration of 16.0 ± 1.5 (HGM), 8.1 ± 2.8 (HGS) and 10.7± 1.8 %
(HCM), but had less effect on HCS mast cells [Fig 6.14].

6.3.12 Histamine release by ACh and its analogue carbachol from human colonic
and gastric mast cells

The compound ACh and its analogue carbachol were found to be ineffective against
mast cells from HGM, HGS, HCM and HCS [Table 6.11-6.12].

6.3.13 The effect of gastrin (10 ' M-10

M) on histamine release from human

colonic and gastric mast cells pretreated with ACh (10 ^ M-10'* M)

Gastrin produced effective dose-dependent histamine release from HGM mast cells
pretreated with ACh (10^ M), reaching a maximal release of 27.4 ± 5.8 % (HGM) at
10 ^ M gastrin concentration. However, gastrin had a negligible effect on histamine
release from HGS, HCM and HCS mast cells [Fig 6.15].

Gastrin produced effective dose-dependent histamine release from HGM mast cells
pretreated with ACh (10'^ M), reaching a maximum of 26.0 ± 1.2 % at the highest test
concentration of gastrin (10"' M) [Fig 6.16]. However, gastrin had a negligible effect
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on histamine release from HGS, HCM and HCS mast cells also pretreated with ACh
(10" M) [Fig 6.16].
Gastrin produced effective dose-dependent histamine release from HGM mast cells
pretreated with ACh (10'^ M), reaching a maximal release of 58.6 ± 7.9 % (HGM) at
the highest test concentration (10'^ M) [Fig 6.17]. However, gastrin had a negligible
effect on histamine release from HGS, HCM and HCS mast cells pretreated with ACh
(10 " M) [Fig 6.17].

Gastrin produced dose-dependent histamine release from HGM, HGS and HCM mast
cells pretreated with ACh (10'^ M), reaching maximal releases of 16.3 ± 7.6 (HGM),
5.1 ± 2.5 (HGS) and

6 .8

± 4.8 % (HCM) at 10'* M- 10" M gastrin concentrations.

However, gastrin had no effect on histamine release from HCS mast cells pretreated
with ACh (10 " M) [Fig 6.18].

6.3.14 The effect of ACh (10 ^M-10 * M) on histamine release from human colonic
and gastric mast cells pretreated with gastrin (10 " M-10'*^ M)

ACh produced histamine release, from HGM, HGS and HCM mast cells pretreated with
gastrin (10'" M), reaching maximal releases of 15.2 ± 2.4 (HGM), 12.5 ± 1.2 (HGS) and
9.4 ± 3.1 % (HCM) at 10'" M-10 ^ M gastrin concentration. However, ACh had no
effect on histamine release from HCS mast cells pretreated with gastrin (10'" M) [Fig
6.19].

ACh produced effective dose-dependent histamine release from HGM and HGS mast
cells pretreated with gastrin (10'" M), reaching maximal releases of 12.0 ± 3.0 (HGM)
and 8.3 ± 1.4 % (HGS) at 10'" M gastrin concentration. However, ACh had no effect
on histamine release from HCM and HCS mast cells pretreated with gastrin (10'" M)
[Fig

6

.2 0 ].

ACh produced histamine release from HGM and HGS mast cells pretreated with gastrin
(10'“" M), reaching maximal releases of 6.7 ± 5.1 (HGM) and 5.9 ± 1.4 % (HGS) at the
highest test concentration of ACh (10'^ M). However, ACh had no effect on histamine
release from HCS and HCM mast cells pretreated with gastrin (10''® M) [Fig 6.21].
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ACh had a negligible effect on histamine release from HGM, HGS, HCM and HCS
mast cells pretreated with gastrin (10'*^ M) [Fig 6.22].

6.3.15 The effect of gastrin (10'^ M-10'^^ M) on histamine release from human
colonic and gastric mast cells pretreated with carbachol (10 ^ M-10 * M)

Gastrin (10'^ M-IO'*^ M) produced dose-dependent histamine release from HGM mast
cells pretreated with carbachol (10 ^ M-10'* M) [Fig 6.23-6.26]. The maximal releases
of histamine (10'- M-10'- M gastrin) were ca 17 % at the three highest test
concentrations of carbachol, and ca 7 % at the lowest concentration. Gastrin was
noticeably less active on mast cells from HGS, HCM and HCS, and the histamine
release did not exceed 5-10 % in any case.

6.3.16 The effect of carbachol (10*^ M-10'* M) on histamine release from human
colonic and gastric mast cells pretreated with gastrin (10 ^ M-10

M)

Carbachol (10'* M-10'^ M) produced dose-dependent histamine release with a maximum
of 17-18 % from HGM mast cells pretreated with gastrin (10'^ M and 10 * M) [Fig
6.27,6.28]. HGM cells pretreated with lower concentrations (10''^ M and 10

M) were

weakly responsive or unresponsive [Fig 6.29,6.30], as were cells from the HCS and
HCM [Fig 6.27-6.30]. Mast cells from HCS responded appreciably, and in bell-shaped
fashion, only at the highest test concentration of the hormone [Figs 6.27,6.30].

6.3.17 Effect of pentagastrin (10'^ M-10

M) on histamine release from human

colonic and gastric mast cells pretreated with ACh (10 ^ M-10 * M)

Pentagastrin produced effective dose-dependent histamine release from HGM, HGS
and HCM mast cells pretreated with ACh (10'^ M), reaching maximal releases of 32.0
± 3.5 (HGM), 16.4 ± 3 .1 (HGS) and 14.1 ± 1.5 % (HCM) at the highest test
concentration of pentagastrin (10'^ M). However, pentagastrin had no effect on HCS
mast cells pretreated with ACh (10'* M) [Fig 6.31].
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Pentagastrin produced dose-dependent histamine release from HGM, HGS and HCM
mast cells pretreated with ACh (10^ M), reaching maximal releases of 29.9 ± 3.9
(HGM), 15.5 ± 2.5 (HGS) and 7.1 ± 2.5 % (HCM) at the highest test concentration of
pentagastrin (10'^ M). However, ACh had no effect on HCS mast cells pretreated with
ACh (10-" M) [Fig 6.32].

Pentagastrin produced a striking dose-dependent histamine release from HGM mast cells
pretreated with ACh (10'*' M), reaching a maximal release of 71.3 ± 6.5 % at the
highest test concentration (10'^ M), while HGS and HCM mast cells were less
responsive with maximal releases of 10.0 ± 4.0 (HGS) and 12.0 ± 4.9 % (HCM).
Again, pentagastrin had no effect on HCS mast cells pretreated with ACh (10'^ M) [Fig
6.33].

Pentagastrin produced effective dose-dependent histamine release from HGM mast cells
pretreated with ACh (10'^ M), reaching a maximal release of 21.6 ± 7.5 % at 10 ^ M
gastrin concentration, while HGS and HCM mast cells were less responsive reaching
maximal releases of 6.4 ± 2.3 (HGS) and 8.5 ± 4.5 % (HCM) at the highest test
concentration of pentagastrin (10"^ M). Pentagastrin had no effect on HCS mast cells
pretreated with ACh (10'^ M) [Fig 6.34].

6.3.18 Effect of ACh (10 ^M-10 * M) on histamine release from human colonic and
gastric mast cells pretreated with pentagastrin (10'^ M-10

M)

ACh (10"^ M-10 * M) produced a marked histamine release from HGM mast cells
pretreated with pentagastrin (10'^ M), reaching a maximal release of 71.4 ± 3.9 % at
10 ^ M ACh concentration. HGS mast cells were less responsive, reaching a maximal
release of 25.0 ± 3.8 % at 10'" M pentagastrin concentration. ACh had no effect on
HCM and HCS mast cells pretreated with pentagastrin (10'^ M) [Fig 6.35].

ACh (10'^ M-10 * M) produced a dose-dependent histamine release from HGM and HGS
mast cells pretreated with pentagastrin (10'* M), reaching maximal releases of 39.4 ±
5.8 (HGM) and 14.8 ± 2.0 % (HGS) at 10'^ M pentagastrin concentration. However,
ACh had a negligible effect on HCM and HCS mast cells pretreated with pentagastrin
(10-* M) [Fig 6.36].

255
ACh (10’^ M-10'^ M) had negligible effect on HGM, HGS, HCM and HCS mast cells
pretreated with pentagastrin (10 ‘°M -10’’^ M) [Fig 6.37,6.38].

6.3.19 Effect of pentagastrin (10 ^ M-10'^^ M) on histamine release from human
colonic and gastric mast cells pretreated with carbachol (10 ^ M-10 * M)

Pentagastrin (10'^ M-IO'*^ M) produced effective dose-dependent histamine release from
HGM, HGS and HCM mast cells pretreated with carbachol (10'^ M), reaching maximal
releases of 37.7 ± 4.6 (HGM), 28.2 ± 5.7 (HGS) and 15.1 ± 5.0 % (HCM) at the
highest test concentration of pentagastrin (10 ^ M). However, pentagastrin had no effect
on histamine release from HCS mast cells pretreated with carbachol (10‘^ M) [Fig 6.39].

Pentagastrin (10 *^ M-IO *^ M) produced dose-dependent histamine release from HGM,
HGS and HCM mast cells pretreated with carbachol (10"^ M), reaching maximal
releases of 32.9 ± 2.5 (HGM), 12.3 ± 5.2 (HGS) and 16.6 ± 3.8 % (HGS) at the highest
test concentration of pentagastrin (10'^ M). However, pentagastrin had no effect on
histamine release from HCS mast cells pretreated with carbachol (10

M) [Fig 6.40].

Pentagastrin (10 '' M-IO ’^ M) produced dose-dependent histamine release from HGM,
HGS and HCM mast cells pretreated with carbachol (10'^ M), reaching maximal
releases of 39.7 ± 3.9 (HGM), 12.7 ± 3.5 (HGS) and 16.1 ± 4.2 % (HCM) at the
highest test concentration pentagastrin (10'^ M). However, pentagastrin had a negligible
effect on HCS mast cells under these conditions [Fig 6.41].

Pentagastrin (10 '' M-10 *^ M) produced a dose-dependent histamine release from HGM
mast cells pre treated with carbachol (10* M), reaching a maximal release of 17.0 ± 6.0

% at the highest test concentration, but induced less than

1 0

% release from the other

cell types tested [Fig 6.42].

6.3.20

Effect of carbachol (10 ^ M-10 * M) on histamine release from human

colonic and gastric mast cells pretreated with pentagastrin (10 ^ M-10

M)

Carbachol (10'^ M-10 * M) produced an effective histamine release, with a bell shaped
response curve, from HGM and HGS mast cells with maximal responses of 21.0 ± 2.8
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(HGM) and 18.0 ± 3.5 % (HGS) at 10 '® M carbachol concentration.

However,

carbachol had a negligible effect on histamine release from HCM and HCS mast cells
pretreated with pentagastrin under these conditions [Fig 6.43].

Carbachol produced a dose-dependent histamine release from HGM and HGS mast cells
pretreated with pentagastrin (10'^ M), reaching maximal releases of 14.0 ±

6 . 8

(HGM)

and 13.5 ± 2.4 % (HGS) at the highest test concentration (10'^ M). However, carbachol
had a negligible effect on HCM and HCS mast cells under these conditions [Fig 6.44].

Carbachol had a negligible effect on HGM, HGS, HCM and HCS mast cells pretreated
with pentagastrin (10 '® M and 10 '^ M) [Fig 6.45,6.46].

6.3 Discussion
This study has demonstrated that functionally active ECL cells may be isolated by a
combination of proteolytic enzymes and mechanical dispersion [432,439,440]. Isolated
cells from the rat and guinea-pig stomach were highly viable and structurally intact as
judged under light microscopy, although the spontaneous histamine release was
relatively high (<15 %). Moreover, these cells were characterised in terms of their
basic histochemical properties and functional responses to a number of immunological
and non-immunological histamine liberators.

Isolated gastric cells from the rat and guinea-pig stomach were identified as ECL cells
by examining the argyrophillity and argentaffinity of their granules under light
microscopy.

The argyrophillity of these cells was confirmed using the Gremilius

method, while the Masson fontana method showed them to be non-argentaffinie. These
findings are in agreement with previous work [441,442].

The histamine content of ECL cells from the rat stomach (4.9 ± 1 .2 pg) was about two
fold greater than the guinea-pig stomach (2.5 ± 0.9 pg).

This histamine content is

comparable to other histaminocytes such as ECL cells from the stomach of the mouse
[443], hamster, rabbit, cat and pig [443-446], and mast cells from the lung parenchyma,
HCM, HCS, HGM and HGS [33,226,228,229], canine and cat gastric mucosa [447].
Hence, the amount of histamine present in the mast cells and/or ECL cells of these
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species may indicate that both cell types could have a similar role in gastric secretion.

The functional properties of isolated ECL cells from the rat and guinea-pig stomach
were studied by measuring their responses towards a number of immunological and
non-immunological secretagogues.

Both cell preparations released histamine in

response to stimulation with calcium ionophores (ionomycin and A23187) but were
essentially insensitive to polybasic agents (compound 48/80) and immunological stimuli
(anti-IgE and anti-IgG). The former results suggest that, in each case, an elevated level
of the cation in the cell cytosol is a sufficient trigger for secretion. The detailed effects
of the calcium ionophores on ECL cells from the rat and guinea-pig stomach were very
similar and the dose-response curves were all bell shaped. The reasons for the reduced
response at higher concentrations of ionophore are not obvious but may reflect an
excessive transport of calcium under these conditions.

This effect could lead to a

general blockade of cell function or an inhibition, rather than activation, of CaM.

The inability of the synthetic polyamine compound 48/80 to activate ECL cells from
the rat and guinea-pig stomach has also been clearly demonstrated in previous studies
[446].

Had time permitted it would have been of interest to extend this work to

examine the effects of other basic agents, particularly peptides. Such work would help
to clarify the role of ECL-peptide interactions in histamine release and acid secretion.

The detergents Triton X-100 and Tween-20 are members of the group of mast cell
secretagogues collectively known as non-selective releasers [45,46]. These agents are
cytotoxic and may exert their action by disrupting the ECL cell membrane, thereby
liberating all of the intracellular contents, including histamine. In keeping with this
mechanism, Triton X-100 and Tween-20 were potent releasers of histamine from ECL
cells of the rat and guinea-pig stomach.

In total, the present results clearly demonstrate that isolated ECL cells from the rat and
guinea-pig stomach have very similar histochemical and functional properties. This
study was then extended to examine the effect of a number of stimuli, relevant in
gastric acid secretion, on ECL cells from the rat and guinea-pig stomach, RPMCs, and
HGM, HGS, HCM and HCS mast cells.
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The parahormone gastrin had no effect on ECL cells of the rat and guinea-pig stomach,
while the active moiety, pentagastrin, produced dose-dependent histamine release from
these cells. These results differ from those of Ryberg et al [448] and Hakanson et al
[445], who reported that ECL cells respond to gastrin with a mobilization and secretion
of histamine and activation of the histamine-forming enzyme, histidine decarboxylase.
The present results agree, however, with the studies of Brenna and Waldum [440] who
observed a receptor-mediated secretion of histamine from ECL cells of the rat stomach
in response to pentagastrin.

The parahormone gastrin was unable to release histamine from RPMCs and HGM,
HGS, HCM and HCS mast cells, while the active moiety pentagastrin produced some
release from HGM mast cells.

Previous studies have reported that gastrin and/or

pentagastrin do not cause secretion of acid from rabbit and human gastric glands
[449,453] but are active in combination with ACh or histamine. On the other hand,
histamine, carbachol, pentagastrin and gastrin-17 were found to stimulate acid formation
in isolated pig and human parietal cells [407,446,450,451,453]. Thus, isolated gastric
glands and cells seem to respond well to histamine but do not always respond to
gastrin/pentagastrin [453].

Neither the neurotransmitter ACh alone, nor its analogue carbachol, were able to
induce histamine release from ECL cells of the rat and guinea-pig stomach or from
RPMCs or HGM, HGS, HCM and HCS mast cells. This may indicate that these cells
lack muscarinic receptors or that activation of these receptors alone is insufficient to
induce histamine release. Consistently, Soli et al in the 1980s [446,453] reported that
no muscarinic receptors were present on histaminocytes of the rat, guinea-pig and
canine gastric system.

This

study

was

then

extended

to

examine

the effect of combinations

of

gastrin/pentagastrin and ACh/carbachol. Thus, isolated human GI mast cells (HGM,
HGS, HCM and HCS) were pretreated with one of these agents before being challenged
with the second stimulus.

Gastrin released histamine from HGM mast cells pretreated with ACh. Previous studies
have shown that this combination of agonists can cause histamine release from, or an
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increase in histamine decarboxylase activity in, gastric glands and mucosa from a
number of species [449,453,454]. However, the nature of these preparations prevents
identification of cellular mechanisms involved. The present data suggests that ACh may
sensitize or upregulate the HGM mast cells, thus rendering them sensitive to the
peptide. The precise mechanism of this effect remains uncertain, however, as previous
work [446] has failed convincingly to demonstrate the presence of conventional
muscarinic receptors on gastric histaminocytes.

ACh was able to release histamine from HGM, HGS and HCM mast cells pretreated
with gastrin. This pretreatment may sensitize or upregulate the cells via gastrin/CCKg
receptors, so that they release histamine on subsequent stimulation with the muscarinic
agonists. The presence of gastrin/CCKg receptors on canine gastric mast cells was first
shown by Soli et al in 1984 [387].

Pretreatment of human GI mast cells with ACh followed by stimulation with gastrin
was a much more effective signal for histamine secretion than preincubation with
gastrin followed by addition of ACh. This may be due to the relative lability of gastrin
which breaks down rapidly in aqueous solution [455].

Gastrin produced effective histamine release from HGM, HGS and HCM mast cells
pretreated with carbachol.

The pretreatment with carbachol may again sensitize or

upregulate the mast cells.

Carbachol stimulated histamine release from HGM mast cells pretreated with gastrin.
This combination was generally less effective than that of ACh and gastrin, and HGS,
HCM and HCS mast cells were unresponsive. This may reflect the reduced efficacy
of carbachol relative to ACh [456]. Any gastrin receptors present on HGS, HCM or
HCS mast cells may also have a reduced affinity for the peptide, such that the
combination with the weaker muscarinic agonist becomes ineffective in this situation.

Pentagastrin stimulated histamine release from HGM, HGS and HCM mast cells
pretreated with ACh. The pre treatment with ACh may again sensitize or upregulate the
mast cells.

This effect may be physiologically relevant, as concentrations of

pentagastrin (10 '^ M) and ACh (10'^ M) similar to those present in vivo [446,453] were
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able to induce a significant (>5 %) release of the amine.

Similarly, ACh (10'^ M) was able to release histamine from HGM and HGS mast cells
pretreated with pentagastrin (10 '° M). The non-responsivity of HCM and HCS mast
cells may again be due to a lack or low affinity of gastrin/CCK^ receptors on these
cells.

In contrast to the finding with gastrin, pretreatment of the target cells with pentagastrin
followed by stimulation with ACh had a similar effect to preincubation with ACh
followed by addition of pentagastrin.

This may reflect the increased stability of

pentagastrin in aqueous solution [455].

Finally, pentagastrin was able to release histamine from HGM, HGS and HCM mast
cells pretreated with carbachol, and carbachol produced effective histamine release from
HGM, HGS mast cells pretreated with pentagastrin.

The

results

obtained

in

the

present

study,

together

with

previous

work

[387,446,447,451], suggest a possible mechanism of gastric acid secretion which
incorporates the essential features of both the single cell hypothesis and the interactive
model [Fig 6.47]. Earlier studies have demonstrated that the parietal cell has receptors
for histamine, gastrin and ACh and that these agonists can act in concert to induce the
secretion of gastric acid [386-388,446,453]. However, the present study has clearly
shown for the first time that gastrin, or its active moiety pentagastrin, and ACh can also
act together to induce the release of histamine from human GI mast cells, which are the
major source of the amine in the human.

We therefore now propose a more complex model for acid secretion whereby gastrin
and ACh first induce the release of histamine (the essential feature of the single cell
hypothesis) and the three agonists then act synergistically on the parietal cell to evoke
the production of HCl (the basis of the interactive model).
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Fig 6.1 Single cell hypothesis: a proposed
mechanism for gastric acid secretion in the
human stomach
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Fig 6.2 Interaction hypothesis: a proposed
mechanism for gastric acid secretion in the
human stomach
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Fig 6.3 Light microscopy of ECL cells from the rat stomach using
haematoxylin-eosin stain (Magn. 400 X)
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Fig 6.4 Light microscopy of ECL cells from rat stomach using the
Gremilius method to test for argentaffinic cells (Magn. 800 X)
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Fig 6.5 Light microscopy of ECL cells from rat stomach using the
Masson fontana method to test for argyrophilic cells (Magn. 800 X)
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Fig 6.6 Light microscopy of ECL cells from the guinea pig stomach
using haematoxylin-eosin stain (Magn. 1000 X)
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Fig 6.7 Light microscopy of ECL cells from guinea pig stomach using
the Gremilius method to test for argentaffinic cells (Magn. 800 X)
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Fig 6.8 Light microscopy of ECL ceils from guinea pig stomach using
the Masson fontana method to test for argyrophilic cells
(Magn. 800 X)
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F ig 6 .1 3 H is ta m in e r e le a s e in d u c e d by p e n t a g a s tr in
f r o m rat and g u in e a - p ig s to m a c h E C L c e lls (n = 6 -1 0 )
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Fig 6.15 Effect of gastrin on histamine release from human
colonic and gastric mast cells (mucosa and subm ucosa/m uscle)
pretreated with acetylcholine (1 mM) (n=5)
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6.16 Effect o f gastrin on histamine release from human
colonic and gastric (mucosa and subm ucosa/m uscle)
mast cells p re treated with acetylcholine (0.1 mM) (n=5)
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11^ 6.18 Effect of gastrin on histamine release from human
colonic and gastric (mucosa and submucosa/muscle ) mast cells
pretreated with acetylcholine (0.01 pM) (n=5)
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Fig 6.19 Effect of acetylcholine on histamine release from human
colonic and gastric (mucosa and submucosa/muscle) mast cells
pretreated with gastrin (1 |iM) (n=5)
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Fig 6.20 Effect o f acetylcholine on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) m ast cells
pretreated with gastrin (0.01 pM) (n=5)
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FÎK 6.21 Effect of acetylcholine on histamine release from human
gastric and colonic (mucosa and submucosa/muscle) mast cells
pretreated with gastrin (0.1 nM) (n=10)
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FÎK 6.22 Effect of acetylcholine on histamine release from human
gastric and colonic (mucosa and submucosa/muscle) mast cells
pretreated with gastrin (1 pM) (n=5-10)
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Fig 6.23 Effect of gastrin on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) m ast cells
pretreated with carbachol (1 mM) (n=5)
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Fig 6.25 Effect o f gastrin on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) mast cells
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Fig 6.26
Effect of gastrin on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) mast cells
pretreated with carbachol (0.01 |iM ) (n=5-10)
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Fig 6.27 Effect of carbachol on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) m ast cells
pretreated with gastrin (1 pM) (n=5-10)
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Fig 6.28 Effect o f carbachol on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) m ast cells
pretreated with gastrin (0.01 pM) (n=5-10)
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Fig 6.29 Effect of carbachol on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) m ast cells
pretreated with gastrin (0.1 pM) (n=5-10)
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Fig 6.30 Effect o f carbachol on histamine release from human
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pretreated with gastrin (1 pM) (n=5-10)
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Fig 6.31 Effect o f pentagastrin on histamine release from human
gastric and colonic (mucosa and subm ucosa/m uscle) mast cells
pretreated with acetylcholine (1 mM) (n=5-8)
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rig 6.32 Effect of pentagastrin on histamine release from human
gastric and colonic (mucosa and submucosa/muscle) mast cells
pretreated with acetylcholine (0.1 mM) (n=5-8)
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Fig 6.47 Proposed rnechanisms for gastric acid
secretion in the human stomach
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Table 6.1 Som e basic properties of enterochrom affin-like (ECL) cells
isolated from the rat and guinea-pig stom ach (n=6)

ECL cells

Properties

Rat stom ach

exam ined

G u in ea-p ig
stom ach

1.9 ± 1.2

4.8 ± 3 .8

92.0 ± 6.5

95.0 ± 1.2

26.0 ± 4.1

28.4 ± 3.0

4.9 ± 1.1

2.5 ± 0.9

14.8 ± 8.7

13.5 ± 4.2

Grem ilius test

positive

p ositive

M asson fontana test

negative

n egative

cell yield
1 0

/g

cell viability
(%)

total nucleated cells
(%)

histam ine content per
ECL cell/pg
spontaneous
histam ine release (%)
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Table 6.2 Histamine release from ECL cells of the rat stomach induced by
anti-rat IgE (n=10)

Anti-IgE
D ilutions

1/100

(%)

4.1 ± 1.4

1/200

3.9 ±1.9

1/300

1.6 ±0.9

1/1000

-1.3 ±1.8

1/3000

-0.6 ± 2.5

1/10000

0.2 ±2.3
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Table 6.3 Histamine release from ECL cells of the guinea-pig stomach
induced by anti-IgG (n=10)

IgG 1 (%)

IgG 2 (%)

1/100

6.2 ±5.1

4.2 ± 4.0

1/200

1.9 ±2.1

2.8 ± 2.4

1/300

2.8 ± 0.9

3.7 ± 1.5

1/1000

- 1.8 ± 0.6

-3.9 ±2.1

1/3000

1.6 ± 3.0

1.9 ±1.9

1/10000

0.1 ±1.3

0.8 ± 1.6

D ilu tion s
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Table 6.4 Histamine release from ECL cells of rat and guinea-pig
stomach induced by compound 48/80 (n=10)

Concentration

Rat

G u in ea-p ig

(Hg/ml)

stomach (%)

stom ach (%)

1.00

7.1 ±4.3

5.0 ± 2.0

0.75

7.4 ±5.1

1.9 ±8.0

0.50

1.8 ± 3.5

2.2 ±5.0

0.25

1.4 ±4.0

3.0 ±8.0

0.01

3.0 ± 7.0

2.0 ± 7.0

0.015

2.0 ±9.2

0.5 ±2.1

0.005

6.0± 6.0

-5.4 ± 6.0

0.0025

-2.9± 5.0

3.9 ±5.0
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Table 6.5 Histamine release from ECL cells of rat and guinea-pig
stomach induced by gastrin (n=10)

C oncentration

Rat

G u in ea-p ig

(M)

stom ach (%)

stom ach (%)

lOe - 6

7.1 ±4.3

5.0± 2.0

lOe - 8

7.4 ±5.1

1.9 ± 8 .0

lOe-10

1.8 ±3.5

2.2 ± 5 .0

lOe-12

1.4 ± 4.0

3.0 ± 8 .0
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Table 6.6 Histamine release from ECL cells of rat and guinea-pig
stomach induced by acetylcholine (n=10)

C oncentration

Rat

G u in ea-pig

(M)

stomach (%)

stom ach (%)

lOe-3

4.3 ±4.2

1.5 ± 2 .4

lOe-4

1.5 ±2.8

1.9 ± 3 .0

lOe - 6

1.2 ±1.9

-4 .0 ±1.1

lOe - 8

2.3 ±2.9

1.4 ± 1 .6
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Table 6.7 Histamine release from ECL cells of rat and guinea-pig
stomach induced by carbachol (n=10)

C oncentration

Rat

G u in ea -p ig

(M)

stom ach (%)

stom ach (%)

lOe-3

1.8 ± 4 .0

lOe-4

-3.1 ± 1.8

3.0 ±

lOe - 6

-4 .1 ± 1.5

1.9 ± 3 .3

lOe - 8

3.8 ± 2 .9

-1 .8 ± 2.5

2.7 ± 2 .9
2 .2
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Table 6.8 Histamine release from ECL cells of rat and guinea-pig
stomach induced by pentagastrin (n=10)

C oncentration

Rat

G u in ea-pig

(M)

stomach (%)

stom ach (%)

lOe - 6

-1.5 ±2.9

6.6 ±2.1

lOe - 8

2.2 ±3.3

1.3 ±5.9

lOe-10

3.2 ±2.5

4.1 ±3.6

lOe-12

1.9 ±3.6

7.9± 2.2
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Table 6.9 Histamine release from RPMCs induced by acetylcholine
and carbachol (n=10)

Concentration

Acetylcholine

Carbachol

(M)

(%)

(%)

lOe- 6

-1.5 ± 2.9

lOe- 8

2.2 ± 3.3

1.3 ± 5.9

lOe-10

3.2 ± 2.5

4.1 ± 3.6

lOe-12

1.9 ± 3.6

7.9 ± 2.2

6 .6

±

2 .1
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Table 6.10 Histamine release from human colonic and gastric mucosal
(HG M , HCM ) and submucosa/muscle (HGS, HCS) mast cells induced
by gastrin (n=5-10)

Histamine release (%)

C oncentration

HCM

HCS

HGM

HGS

(M)

lOe - 6

4.5 ±

lOe - 8

1.9 ± 2 .4

3.9 ± 0.9

-2 .7 ± 3.0

1.3 ± 3.7

3.3 ± 3.4

3.4 ± 3.7

-

1 .0

± 1.9

-

1 .0

± 0.9

2 .6

lOe-10

0 .6

± 1.9

0.8 ± 3.8

4.5 ±

0 .6

lOe-12

2 .6

±

1.5 ± 3.7

3.9 ±

1 .0

2 .8

1 .0

3.2 ± 3.0

-1 .7 ± 3.5

0 .1

0.9 ± 1.5

0.9 ± 3.3

1.3 ± 3.5
1.0

±

1 .2

6 .0

± 0.5

2.3 ± 1.3
1.1

± 2.5
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Table 6.11 Histamine release from human colonic and gastric mucosal
(HGM, HCM ) and submucosa/muscle (HGS, HCS) mast cells induced
by acetylcholine (n=5-10)

Histamine release (%)

C oncen tration

HCM

HCS

HGM

HGS

lOe-3

2.4 ± 4.3

1.2 ± 2.4

3.9 ± 0.9

1.9 ± 4.8

lOe-4

0.6 ± 6.0

-2.5 ± 3.4

7.9 ± 3.7

1.8 ± 2.8

lOe-5

1.3 ± 5 .5

0.5 ± 3.8

1.3 ± 0.6

2.5 ± 4.4

lOe-6

-2 .0 ± 7.1

-0 .9 ± 3.7

1.8 ± 1.0

2.7± 2.4

lOe-7

1.3 ±5.1

-0 .5 ± 1.8

1.4 ± 2.9

0.7 ± 5.4

lOe-8

1.7 ± 5 .6

1.0 ± 6.8

10.3 ± 2.3

2.8 ± 3.4

lOe-9

1.9 ± 1.6

-1 .2 ± 3 .7

0.6 ± 1.6

2.6 ± 4.1

lOe-10

2.0 ± 2.4

1.5 ± 4 .2

3.4 ± 4.1

0.7 ± 2.7

(M)
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Table 6.12 Histamine release from human colonic and gastric mucosal
(H G M , HCM ) and submucosa/muscle (HGS, HCS) mast cells induced
by carbachol (n=5-10)

Histamine release (%)

-

Concentration

HCM

HCS

-1 .5 ± 3.2

-0 .7 ± 1.3

1.4 ± 1.0

0.5 ± 5 .8

±

2 . 1

0.9 ± 3.2

0.3 ± 4.8

0.4 ± 4.3

±

1 .1

0.2 ± 7 .1

0.7 ± 4.6

1.3 ± 2 .9

-0 .1 ± 1.7

0.6 ± 3.2

HGM

HGS

(M)

lOe-3
lOe-4

1 .1

lOe-5

2 . 1

lO e - 6

1.2 ± 1.7

1 . 2

lOe-7

1.8 ± 4.2

0.3 ± 1.8

0.6 ± 1.9

0.7 ± 6.2

lO e - 8

1.0 ± 4.8

-0 .2 ± 4.7

-7 .0 ± 2.0

3.9 ± 9 .1

lOe-9

1 . 2

± 5.9

-0 .5 ± 5.5

0.3 ± 2.4

-4 .5 ± 6.9

±

0 . 8

CHAPTER 7
General conclusions
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The present study has clearly shown that, apart from some differences in their
histochemical properties, isolated tissue mast cells from the HCM, HCS, HGM and
HGS are functionally very similar, notably in their responses to a number of
immunological and non-immunological secretagogues and inhibitors.

The functional similarity in their responses to a variety of these stimuli was shown by
the gastric (HGM and HGS) and colonic (HCM and HCS) cell preparations releasing
histamine upon challenge with IgE directed ligands, calcium ionophores and cytotoxic
detergents, and their unresponsiveness to polybasic compounds, neuropeptides and
clinical dextran. Moreover, in addition to histamine, stimulation of both gastric and
colonic cell preparations with anti-IgE resulted in the correlated release of newly
generated PGDj, showing that both the amine and the prostanoid are probably derived
from mast cells.

Previous reports have shown that mast cells of the GI tract also

release LTE 4 while lung parenchymal cells produce LTC4 [33,298].

Enzymically dispersed mast cells from macroscopically normal human colonic tissue
were also compared with mast cells isolated from areas of active inflammation. The
latter cells were strikingly more responsive to stimulation with anti-human IgE. This
increase in responsivity may be due to the elevated numbers in IBD of large activated
lymphocytes and plasma cells [296], which can release cytokines and thereby
upregulate the mast cells in the diseased state.

The human colonic mast cells were studied further to examine the effect of a number
of anti-inflammatory and anti-allergic compounds such as DSCG, nedocromil sodium,
theophylline, isoprenaline, salbutamol, Hj-receptor antagonists, salicylates and
corticosteroids.

DSCG and nedocromil sodium were potent inhibitors of histamine release from HCM,
HCS, HGM and HGS mast cells. In contrast. Fox et al [283] previously reported that
the chromone had no effect on human intestinal mucosal mast cells, and Befus et al
[277] reported that DSCG was only weakly active and nedocromil sodium was
ineffective against this cell type.

In the present study, the inhibition of histamine
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release from the HCM and HCS mast cells with DSCG was maintained with
preincubation, suggesting that the cells are, in this respect, functionally similar to B AL
cells. However, the effect of DSCG on histamine release from HGM and HGS mast
cells showed some tachyphylaxis, suggesting the cells in the stomach to be
functionally dissimilar to the mast cells from the colon.

Nedocromil sodium and DSCG effectively inhibited immunologic ally stimulated
histamine release from HGM, HGS, HCM and HCS mast cells. Moreover, significant
tachyphylaxis was observed only with HCS mast cells. In addition, the present study
is likely to underestimate the potency of the compounds in vivo. It is well known that
the effects of cromoglycate-like drugs vary markedly and inversely with the strength
of the applied stimulus and, for purely practical reasons of measurement, studies on
isolated cells in vitro necessarily employ levels of histamine release much larger than
those ever likely to be encountered in the intact animal.

Theophylline,

a

potent

phosphodiesterase

inhibitor,

effectively

inhibited

immunologically stimulated histamine release from HCM, HCS, HGM and HGS mast
cells. Other studies have also shown theophylline potently to inhibit histamine release
from RPMCs [309].

6

-Adrenoceptor agonists such as isoprenaline and salbutamol also

inhibited histamine release from HCM, HCS, HGM and HGS mast cells.

These

agents are known to elevate intracellular levels of cAMP which has traditionally been
associated with inhibition of histamine release from human tissue mast cells.

Given the possible role of the mast cell in inflammatory disorders of the gut, this
study investigated the effects of a number of compounds used in the treatment of IBD,
together with compounds used in peptic ulcer therapy, on freshly isolated RPMCs,
human colonic (HCM,HCS) and gastric (HGM,HGS) mast cells and human basophil
leukocytes.

Salicylates (sulphasalazine and its metabolites) had distinct effects on histamine
release from HCM, HCS, HGM and HGS mast cells. Sulphasalazine itself had no
effect on histamine release induced by optimal concentration of anti-human IgE but
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potentiated the

secretion induced by

suboptimal amounts

o f the

antibody.

Sulphapyridine had no effect on histamine release, but the active metabolite, 5-ASA,
inhibited histamine release from all cell types.

The potentiating effect of sulphasalazine has also been reported by Barrett et al [318],
and the drug has been shown to increase mediator release from human basophil
leukocytes, intestinal mast cells, peripheral leukocytes and mononuclear cells
[318,327]. This may account for some of the adverse effects seen with this agent,
such as urticaria, anaphylaxis, fever, abdominal discomfort and generalized skin
eruptions [323].

A possible explanation for these effects is that some patients

suffering from IBD may have an ongoing subthreshold immunological stimulus for
histamine release which is expressed and enhanced by sulphasalazine.

The sulphapyridine moiety of sulphasalazine had no effect on histamine release
induced by optimal or sub-optimal amount of the antibody. This moiety may thus
function as a carrier molecule to release the active metabolite at the area of
inflammation, as was first proposed by Khan et al in 1977 [329].

The active metabolite of sulphasalazine is 5-ASA, which produced effective inhibition
of histamine release from HCM, HCS, HGM and HGS mast cells. Other studies by
Fox et al [327] have shown similar findings with human intestinal mast cells and
basophil leukocytes. Moreover, 5-ASA has also been shown to inhibit the release of
inflammatory mediators, such as PGs [328-330].

Therefore, 5-ASA may act on inflammatory cells to inhibit intracellular enzymes
involved in signal transduction pathways. Moreover, the inhibitory effect of the active
metabolite may partially explain the therapeutic utility of sulphasalazine, while the
enhancement seen with the intact drug under defined conditions may account for the
occasional adverse reactions seen with this agent.

The Hi-receptor antagonists, cimetidine, ranitidine, famotidine and nizatidine act by
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blocking histamine receptors on the parietal cells and thus reduce gastric acid secretion
[334]. In addition, these compounds effectively inhibited histamine release from all
cell types tested (RPMCs, colonic mast cells, gastric mast cells, and basophil
leukocytes).

The effect of these compounds on histamine release from mast cells suggested that
they may have an additional action in the control of gastric acid secretion. There, Hjreceptor antagonists may inhibit histamine release by stabilizing the mast cell
membrane, possibly by expanding the structure so as to prevent the fusional changes
involved in exocytosis. This mechanism was first proposed for histamine H,-receptor
antagonists by Seeman and Weinstein [332] and later suggested by Lau and Pearce et

al [333] for a range of H,- and Hj-receptor antagonists, including cimetidine and
ranitidine. Famotidine and nizatidine may act by a similar mechanism.

The antiulcer cytoprotective agent, misoprostol, inhibited histamine release from
RPMCs, HCM and HCS mast cells and basophil leukocytes. These results suggested
that mast cell stabilization by the drug may contribute to its therapeutic effects in the
GI tract. However, the nature of the inhibition varied with the cell type, giving a bell
shaped curve with the three mast cell preparations and progressive inhibition with the
basophils. The possible mechanism of this effect may be very similar to that involved
in the action of the drug on the parietal cell.

The mast cell has inhibitory and

stimulatory subtype prostanoid receptors as shown by Maullem et al [342,343]. At
lower concentrations (<10 '° M) misoprostol may act on the high affinity inhibitory
subtype receptors, while at higher concentrations it may act on the lower affinity
stimulatory receptors thus producing a bell shaped curve.

In the case of basophil

leukocytes, it may be that only the one type of inhibitory type prostanoid receptor is
present and misoprostol induced attenuation is then well maintained across the entire
concentration range. However, while there is no direct evidence for this mechanism
of action, these data do show that agents used therapeutically in the management of
GIUs can also modulate the function of the intestinal mast cells.

In so far as

histamine is a relevant mediator in acid secretion, and also has potent inflammatory
properties, this action may additionally account for the clinical efficacy of these
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agents.

Another class of drugs which are known to affect inflammatory cells are
glucocorticoids. These agents were first recognised in the body as naturally occurring
compounds synthesized from cholesterol and secreted by the adrenal glands in
response to stimulation by ACTH.

They were initially used as anti-inflammatory

compounds for rheumatoid arthritis [345-348], but are now used for a whole spectrum
of conditions such as asthma, IBD, systemic lupus erythematosis, rheumatoid arthritis,
eye disorders, skin disorders and various other hypersensitivity states. Although their
precise mechanism of action is unknown, studies have shown steroids to exert
metabolic and endocrine effects over a whole range of organs and tissues.

The

cellular elements of all of these different responsive tissues are considered to have one
important macromolecular constituent in common, namely the presence of a
cytoplasmic protein that has a high affinity for cortisol and other anti-inflammatory
steroids [352].

The glucocorticoids BM, HC, MP and P produced effective inhibition of histamine
release from immunologically stimulated RPMCs, basophil leukocytes and HCM and
HCS mast cells. This inhibitory effect was not instantaneous and it required several
hours of preincubation for the glucocorticoids to produce any marked inhibition in
each of the cell types. Other studies have shown steroids to inhibit mediator release
from a range of inflammatory cells in vitro [362,363,377] and MacGlashan et al [366]
originally demonstrated that steroids could inhibit histamine release from human tissue
mast cells.

The drugs may act through a cytoplasmic receptor that, when activated, migrates to
the nucleus where it binds to sites on the chromatin. The steroid receptor complex
induces the transcription of specific gene sequences into RNA molecules which are
then processed to mRNA’s. These leave the nucleus and bind to ribosomes where
their nucleotide sequences are translated into the corresponding amino acid sequences
of proteins and specific enzymes.

One of these proteins may then be the anti

inflammatory agent macrocortin (lipocortin).

The present study has shown that anti
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inflammatory steroids are effective inhibitors of histamine release from histaminocytes
of the human GI tract. The therapeutic potency of these agents in conditions such as
IBD and other inflammatory disorders of the GI tract, where the mast cell has been
considered to be a relevant inflammatory cell, may thus be due, at least in part, to an
action on this cell type.

The mast cell of the GI tract is not only involved in inflammatory processes, but is
also considered to have a role in gastric acid secretion. The mast cell is the major
histaminocyte in the gastric system of the pig, monkey, cat, dog and human, while the
ECL cell is the predominant histaminocyte in the gastric mucosa of the mouse, rat and
guinea-pig [399,431].

This study has demonstrated that functionally active ECL cells may be isolated from
the rat and guinea-pig stomach and that both are argyrophilic and non-argentaffinic.
The functional properties of the isolated ECL cells were very similar.

Both cell

preparations released histamine in response to stimulation with calcium ionophores
(ionomycin and A23187) but were essentially insensitive to polybasic agents
(compound 48/80) and immunological stimuli (IgE and IgG). This study was then
extended to examine the effect of a number of stimuli of gastric acid secretion on
histamine release from rat and guinea-pig gastric ECL cells, RPMCs, HGM, HGS,
HCM and HCS mast cells.

The parahormone gastrin did not induce histamine release from ECL cells of the rat
and guinea-pig stomach, RPMCs, HGM, HGS, HCM or HCS mast cells. However,
the active moiety pentagastrin, produced effective histamine release from ECL cells
of both rat and guinea-pig stomach and HGM mast cells. This effect may be due to
an action of pentagastrin on gastrin/CCK receptors as proposed by Ryberg et al [448],
Hakanson et al [445] and Brenna and Waldum [440]. These receptors may then be
relatively selective for pentagastrin and confined to histaminocytes from the mucosal
region of the stomach.
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The neurotransmitter acetylcholine and its analogue carbachol did not evoke histamine
release from ECL cells of the rat and guinea-pig stomach or from mast cells of the rat
peritoneum, HGM, HGS, HCM and HCS. This may indicate that these cells lack
muscarinic receptors or that activation of these receptors alone is insufficient to induce
histamine release.

The study was then extended to examine the effect of pretreatment with gastrin,
pentagastrin, acetylcholine and carbachol before challenging with the second stimulant.
Gastrin was able to release histamine from HGM mast cells pretreated with
acetylcholine, while acetylcholine was able to release histamine from HGM, HGS and
HCM mast cells pretreated with gastrin.

Acetylcholine may thus sensitize or

upregulate these cells, so rendering them sensitive to gastrin. Similarly, pretreatment
with gastrin may also upregulate the cells, possibly via gastrin/CCKg receptors as first
recognised by Soil [446] and Soil and Berglindh [453], and thereby confer sensitivity
to acetylcholine.

Qualitatively similar results were obtained with pentagastrin and

carbachol.

The results attained in this study, together with previous work, suggest a possible
mechanism of gastric acid secretion which incorporates the essential features of both
the single cell hypothesis and the interactive model [Fig 6.47]. Earlier studies have
demonstrated that the parietal cell has receptors for histamine, gastrin and
acetylcholine and that these agonists can act in concert to induce the secretion of
gastric acid.

However, the present study has clearly shown for the first time that

gastrin, or its active moiety pentagastrin, and acetylcholine can also act together to
induce histamine release from human GI mast cells, which are the major source of the
amine in the human.
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