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ABSTRACT:  The purpose of this review, based on studies from our laboratory as well as from others, is to
summarize salient features of mast cell immunobiology and to describe their associations with gastrointesti-
nal mucosal defense. Gastrointestinal mast cells are involved in many pathologic effects, such as food hyper-
sensitivity. On the other hand, they also play a protective role in defense against parasitic and microbial
infections. Thus, they have both positive and negative effects, but presently the mechanisms that control the
balance of these various effects are poorly known. It has been suggested that stabilization of mast cells may
be a key mechanism to protect the gastrointestinal tract from injury. Few molecules are known to possess both
mast cell stabilizing and gastrointestinal cytoprotective activity. These include zinc compounds, sodium
cromoglycate, FPL 52694, ketotifen, aloe vera, certain flavonoids such as quercetin, some sulfated
proteoglycans such as chondroitin sulfate and dehydroleucodine. Dehydroleucodine, a sesquiterpene lactone
isolated from Artemisia douglasiana Besser, exhibits anti-inflammatory and gastrointestinal cytoprotective
action. The lactone stimulates mucus production, and inhibits histamine and serotonin release from intestinal
mast cells. The lactone could act as a selective mast cell stabilizer by releasing cytoprotective factors and
inhibiting pro-inflammatory mast cell mediators.
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I. Gastrointestinal mucosal defense

The term “gastrointestinal mucosal defense” refers
to the combination of factors that allow the gastrointes-
tinal mucosa to withstand exposure to substances with

a wide range of pH, osmolarity, and temperature, solu-
tions with detergent properties (e.g., bile), and bacterial
products capable of eliciting local and systemic inflam-
matory reactions (Wallace and Granger, 1996; Wallace
and Ma, 2001). The mucosa is not impervious to dam-
age by the various substances we eat and the endog-
enous secretions. Indeed, it is likely that mucosa injury
occurs regularly. However, the mucosa can repair such
injury quickly, thereby limiting it to the most superfi-
cial layer of cells and preventing entry into the systemic
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circulation of substances detrimental to the organism
(Wallace and Granger, 1996; Wallace and Ma, 2001).
The resistance of the mucosa can also be enhanced when
irritants are present in the gastrointestinal tract. Thus,
the ability of the mucosa to resist significant injury is
attributable to a dynamic process rather than a static
barrier (Wallace and Granger, 1996; Wallace and Ma,
2001).

The various components of mucosal defense can
be viewed as being organized as a hierarchy, correspond-
ing to the anatomical organization of the mucosa
(Wallace and Granger, 1996; Wallace and Ma, 2001).

The first level of defense consists of the factors
secreted into the lumen including acid, bicarbonate,
mucus, immunoglobulins and other antibacterial sub-
stances (e.g., lactoferrin), and surface-active phospho-
lipids (Wallace and Granger, 1996; Wallace and Ma,
2001).

The second level of defense is the epithelium, which
is remarkably resistant to acid-induced injury and forms
a relatively tight barrier to passive diffusion (Wallace
and Granger, 1996; Wallace and Ma, 2001). The epi-
thelium is capable of undergoing extremely rapid re-
pair if its continuity is disrupted.

The third level of defense is the mucosal microcir-
culation, in concert with sensory afferent nerves within
the mucosa and submucosa (Wallace and Granger, 1996;
Wallace and Ma, 2001). Back-difussion of acid or tox-
ins into the mucosa results in a neurally mediated el-
evation of mucosal blood flow that is critical for limit-
ing damage and facilitating repair.

The fourth level of defense is the mucosal immune
system, consisting of various “alarm cells”, such as the
mast cell and macrophage, which sense entry of for-
eign material into the mucosa and orchestrate an appro-
priate inflammatory response (Wallace and Granger,
1996; Wallace and Ma, 2001). These cells sense the entry
of foreign matter or antigen into the lamina propria, and
respond by releasing soluble mediators and cytokines
that initiate a defensive inflammatory response to pre-
vent the foreign matter from gaining access to the sys-
temic circulation (Wallace, 1996). Many of the inflam-
matory mediators and cytokines that are released exert
chemotactic effects on leukocytes, resulting in their re-
cruitment into the region where the immunocytes have
been activated (Wallace, 1996).

The fifth level of mucosal defense is called into
play when an ulcer has formed -an ulcer being defined
as a break in mucosa that extends through the muscu-
laris mucosae. In these circumstances, the ulcer is re-
paired through growth and re-development of gastric

glands, tissue remodeling, growth of new blood vessels
(angiogenesis), and re-innervation of the mucosa by the
extrinsic and intrinsic nerves (Wallace, 2001). Enhanced
numbers of inflammatory cells, mainly mast cells and
eosinophils, are well known to occur during angiogen-
esis and tissue remodeling (Armetti et al., 1999).

The purpose of this review, based on studies from
our laboratory as well as from others, is to summarize

FIGURE 1. Light micrographs of 1 µm sections of
mouse duodenum stained with toluidine blue. Scale
bar = 10 µm. A and C: control group. Typical mast
cells (arrows) can be observed in proximity to blood
(BV) and lymphatic (LV) vessels of the mucosal (A)
and submucosal (C) layers. B and D: DhL group.
Abundant mast cells (arrows) with closely packed
cytoplasm granules can be observed in the mu-
cosa (B) and submucosa (D). E: epithelium; G:
Brunner´s gland.
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salient features of mast cell immunobiology and to de-
scribe their associations with gastrointestinal mucosal
defense.

II. Mast cells

II.1. Morphology

Mast cells are round or elongated, mononuclear
cells filled with secretory granules of variable size and
shape (Figs. 1, 2 and 3); their diameter is approximately
10–20 µm (Mc Neil and Austen, 1995; Galli, 2000).
Histochemically, mast cell granules exhibit metachro-
masia when stained with cationic dyes, such as tolui-
dine blue. When the blue dye is taken up by the gran-
ules, there is a colour change from blue to pinkish-purple
(Mc Neil and Austen, 1995; Galli, 2000). Ultrastructur-
ally, mature mast cells have single-lobed nuclei, nar-
row regular surface folds, inconspicuous synthetic or-
ganelles, and numerous cytoplasmic granules (Figs. 2
and 3). The granules show multiple ultrastructural pat-
terns: scroll granules, crystal granules, particle gran-
ules and mixed granules (Mc Neil and Austen, 1995;
Galli, 2000). Certain populations of mast cells also con-
tain large lipid bodies without the surrounding mem-
brane (Massey et al., 1991).

II.2. Origin

Mast cells are derived from hematopoietic progeni-
tor cells (Valent et al., 1991; Galli et al., 1995; Vliagoftis
et al., 1997). With rare exceptions, mature mast cells
are not identifiable in the blood; instead, the blood con-
tains less differentiated mast cell progenitors. They con-
tinue their differentiation and maturation in the periph-
ery, like the connective tissue or the serosa-lined cavities
such as the peritoneal cavity, as has been described in
mice and rats.  It is now becoming clear that mast cells
express the receptor for stem cell factor (SCF receptor
or c-kit) that binds to SCF, a specific growth factor for
mast cells. The interaction between SCF and c-kit is
crucial for the growth and development of mast cells
(Mc Neil and Austen, 1995; Galli, 2000). Morover, ap-
parently “mature” mast cells in peripheral tissues can
also express proliferative ability (Mc Neil and Austen,
1995; Galli, 2000).

II.3. Subtypes and heterogeneity

In humans, two types of mast cells have been de-
scribed, based on structural, biochemical and functional

FIGURE 2. Transmission electron micro-
graphs showing mast cells in the duode-
num  of mice. A: Control submucosal mast
cell. Numerous homogenously dense
secretory granules distributed throughout
the cell cytoplasm (arrow), and a regular
and elongated nucleus can be observed
(N). A small number of granules present an
inhomogeneous matrix (arrowhead). Scale
bar = 0.5 µm. B: DhL mucosal mast cell.
Similar characteristics to A. Scale bar = 0.35
µm. C: DhL submucosal mast cell. Abun-
dant swollen granules with a reduction in
their homogeneity and varying degrees of
electron density can be clearly observed
(arrowhead). A small number of granules
are homogenously dense (arrow). N: irregu-
lar nucleus with anfractuous surface. CF:
collagen fibers. Scale bar = 0.5 µm. Inset:
secretory granules with different degrees
of electron density. Scale bar = 0.35 µm.

data: 1) Those staining positive with anti-tryptase anti-
bodies alone (designated MC

T
), and 2) Those staining

with antibodies to tryptase and chymase (designated
MC

TC
) (Schwartz et al., 1987; Church and Levi-Schaffer,

1997; Schwartz, 1998). The MC
T
 mast cell expresses

tryptase predominantly and is usually localized to mu-
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cosal surfaces in close relationship to T cells, especially
of the Th2-type. The MC

T
 is increased in allergic and

parasitic diseases and diminished numbers are seen in
HIV-infected patients (Church and Levi-Schaffer, 1997).
Structurally, granules from MC

T
 are scroll-rich. The

MC
TC

 mast cell, on the other hand, expresses tryptase,
chymase, carboxypeptidase and cathepsin G. It predomi-
nates in the gastrointestinal tract as well as in skin,
synovium and subcutaneous tissues. Increased numbers
of MC

TC
 mast cells are seen in fibrotic diseases while

numbers are relatively unchanged in allergic or para-
sitic diseases and in HIV infection. MC

TC
 mast cells

have lattice and grating structures and are scroll-poor.
Thus, while MC

T
 mast cells are central to inflammation

and immune-system related, with a primary role in host
defense, MC

TC
 mast cells may be more important to tis-

sue remodeling and angiogenesis, rather than immuno-
logic protection. Both types of mast cells express FceRI
(the high affinity IgE receptor) and are involved in al-
lergic type responses. The murine counterparts of these
subtypes have been referred to as mucosal mast cells
(MMC), resident at the epithelium and in the subepi-
thelial lamina propria, and connective tissue mast cells
(CTMC), found predominantly in the submucosa
(Wershil and Galli, 1991; Mc Neil and Austen, 1995;
Stenton et al., 1998). MMC and CTMC are histochemi-
cally, ultrastructurally, and functionally different. They
also vary in their pharmacological properties, for ex-
ample in their sensitivity to various secretagogues such
as compound 48/80, and anti-allergic compounds such
as sodium cromoglycate (Wershil and Galli, 1991; Mc
Neil and Austen, 1995; Stenton et al., 1998).

II.4. Mediators

Mast cells represent a rich source of a variety of
potent biologically active mediators. The mediators de-
rived from mast cells are divided into two groups (Mc
Neil and Austen, 1995; Galli, 2000; Mekori and
Metcalfe, 2000). The first group includes those media-
tors that are preformed and stored in secretory gran-
ules, while the second group includes those mediators
that are newly generated when mast cells become acti-
vated. Among the preformed mediators are histamine,
serotonin, proteases and proteoglycans, and some
cytokines like TNF-α (Gordon and Galli, 1990); and
among the newly-generated mediators are the arachi-
donic acid metabolites leucotriene C4 and prostaglan-
din D2, the phospholipid derivative platelet-activating
factor (PAF) and a variety of cytokines (Mc Neil and
Austen, 1995).

III. Mast cells and gastrointestinal mucosal defense

Mast cells are important components of the nor-
mal architecture of the gastrointestinal tract. Changes
in the number of mast cells at various anatomic sites, or
evidence of activation of the cells for mediator release,
have been observed in a wide spectrum of adaptive or
pathologic immune responses, and in a large number of
disease processes, many involving the gastrointestinal
tract. Evidence such as this supports the notion that mast
cells can substantially influence immunologic and patho-
logic processes in the gastrointestinal tract and may even
affect certain normal functions of the stomach or intes-
tine (Bischoff et al., 1996; Echtenacher et al., 1996;
Wallace and Granger, 1996; Furuta et al., 1997; Bischoff
et al., 2000; Wershil, 2000; Andoh et al., 2001;
Kolaczkowska et al., 2001).

Many substances released from gastrointestinal
mast cells are biologically active and mediate numer-
ous processes: blood flow regulation, epithelial and en-
dothelial permeability, mucosal secretion, gastrointes-
tinal tract motility, immunological events related to the
antigens of various origins, angiogenesis, and cancer
development (Barczyk et al., 1995; Stenton et al., 1998).
Growing evidence suggests physiological roles for in-
testinal mast cells in the protection of tissues from in-
flammatory damage, and in intestinal maturation
(Barczyk et al., 1995; Stenton et al., 1998).

Gastrointestinal mast cells clearly play a role in
many pathologic effects associated with food hyper-
sensitivity (Stenton et al., 1998). Histamine and sero-
tonin are valuable markers of mast cell activation
(Theoharides et al., 1985; Glavin and Hall, 1991;
Buckley and Coleman, 1992; Coelho et al., 1998;
Bueno and Fioramonti, 1999; Jiang et al., 2000), and
have been regarded as critical pathogenetic factors in
the development of peptic ulcers (Cho, 1994; Myers
et al., 1998). On the other hand, gastrointestinal mast
cells appear to play important physiologic roles, such
as in weaning (Stenton et al., 1998). Mast cells also
play a protective role in defense against parasitic and
microbial infections; thus, they have both positive and
negative effects, but presently the mechanisms that
control the balance of these various effects are poorly
known (Galli and Wershil, 1996; Stenton et al., 1998).
Various cytokines are involved in the regulation of mast
cell function (Stenton et al., 1998). Nitric oxide and
prostaglandins have been also identified as important
mast cell mediators related to gastrointestinal mucosal
protection (Stenton et al., 1998). Therefore, the acti-
vation of mast cells may produce either positive or
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negative effects in tissues depending on the mediators
that are released. Morover, mast cell mediators can be
differentially released according to the stimulus ap-
plied (Kops  et al., 1990).

For example, nitric oxide (NO) released from gas-
trointestinal mast cells during degranulation can be ei-
ther protective or deleterious in different disorders
(Stenton et al., 1998). This depends on what type of
nitric oxide synthase (NOS) is involved in these patho-
logical conditions. Constitutive NOS (cNOS) is respon-
sible for production of NO in physiological context. In
contrast, inducible NOS (iNOS) produces NO in patho-
physiological circumstances. NO is implicated in pro-
cesses that maintain the integrity of the gastric epithe-
lium. In this connection, it regulates gastric blood flow
and directly stimulates gastric mucus secretion by acti-
vating soluble guanylate cyclase. A blockade of NO pro-
duction resulted in an impairment of the vascular re-
sponse and the subsequent alkaline flux in the lumen
(Stenton et al., 1998; Cho, 2001; Tanaka et al., 2001).
In addition, another protective role of NO is to depress
the secretion of histamine, and possibly other media-
tors such as platelet activating factor (PAF), from mast
cells (Barczyk et al., 1995).

Raud (1990) demonstrated that prostaglandins
could partially suppress acute mast cell-dependent in-
flammation. With the use of isolated mast cells from
the peritoneum and the intestinal mucosa, Hogaboam
and associates (1993) demonstrated that several pros-
taglandins dose-dependently inhibited the release of
mediators such as histamine, platelet-activating factor
and TNF-α. The prostaglandins were found to be ex-
tremely potent modulators of mast cell reactivity. In-
hibitory effects were observed at concentrations as low
as 10-11 mol/L. The suppression of mast cell reactivity
by prostaglandins may contribute to the well-docu-
mented cytoprotective effects of these agents (Robert,
1976).

Mast cells can also release cytokines, such as tu-
mour necrosis factor-α (TNF-α), interleukin-4 (IL-4),
interleukin-10 (IL-10) and interleukin-13 (IL-13), which
were originally thought to contribute to inflammatory
damage, but which may also have anti-inflammatory
properties (Stenton et al., 1998). It has been reported
that; in the gastrointestinal tract  mast cell cytokines
play roles in tissue protection (Stenton et al., 1998). For
example, IL-4, IL-10 and IL-13 have anti-inflammatory
properties such as the enhancement of ileal sodium and
chloride absorption, inhibition of secretagogue-induced
chloride secretion, and the ability to reduce the release
of TNF-α by monocytes and macrophages (Stenton et

al., 1998). TNF-α can be both inflammatory and anti-
inflammatory under different conditions. It has been
shown that one of the cytoprotective actions of TNF-α,
which is released in few seconds after different stimuli,
is the production of intestinal mucus secretion (Arnold
et al., 1993).

IV. Mast cell stabilizers and gastrointestinal mucosal
defense

Considerable effort throughout the 1990's has fo-
cused on the identification of new gastroprotective
molecules. Some synthetic studies have been aimed at
the preparation of new prostaglandins, prostacyclin
mimetics, and thromboxane antagonists (Ares and Outt,
1998). New histamine H2 receptor antagonists have also
been developed which, unlike cimetidine or ranitidine,
now appear to couple true gastroprotective activity with
antisecretory properties (Ares and Outt, 1998). One new
H2 antagonist, ebrotidine, has shown clinical utility in
preventing NSAID gastropathy (Ares and Outt, 1998).
Many other types of structures (flavonoids, peptides,
terpenoids, xanthines, and others), as well as compounds
displaying certain pharmacological actions (5-hydrox-
ytryptamine receptor binding, adrenergic receptor bind-
ing, mast cell stabilization, and others) have been linked
in some way to gastroprotection (Ares and Outt, 1998).

It has been suggested that stabilization of mast cells
may be a key mechanism to protect the gastrointestinal
tract from injury (Karmeli et al., 1991; Eliakim et al.,
1992; Hogaboam et al., 1993; Whittle, 1993; Low et
al., 1995; Kalia et al., 2000; Kiraly et al., 2000; Ruh et
al., 2000). Few molecules are known to possess both
mast cell stabilizing and gastrointestinal cytoprotective
activity. These include zinc compounds (Cho and Ogle,
1992), sodium cromoglycate (Cho and Ogle, 1992), FPL
52694  (Cho and Ogle, 1992), ketotifen (Cho and Ogle,
1992), aloe vera (Ro et al., 2000), certain flavonoids
such as quercetin (Middleton et al., 2000), some sul-
fated proteoglycans such as chondroitin sulfate
(Theoharides et al., 1999; Hori et al., 2001) and
dehydroleucodine, a sesquiterpene lactone (Giordano
et al., 1990; Penissi et al., 2003a,b).

V. Intestinal mast cells in response to dehydroleucodine

One of the fairly well documented preparations in
traditional medicine is an infusion of the leaves of Arte-
misia douglasiana Besser, popularly known as “matico”.
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Dehydroleucodine (DhL), a sesquiterpene lactone iso-
lated from Artemisia douglasiana Besser (Giordano et
al., 1990), prevents dose-dependently gastrointestinal
damage in response to necrosis-inducing agents such
as absolute ethanol (Piezzi et al., 1995; Penissi et al.,
1998; Penissi et al., 2000).

The effects of DhL on the intestinal mast cell popu-
lation have been studied by Penissi et al. (2003a) with
the goal of testing the hypothesis that DhL induces
changes in these cells probably related to its mechanism
of gastrointestinal cytoprotection. No changes in the num-
ber and cytological structure of mucosal mast cells are
induced after DhL treatment in the small intestine. How-
ever, the lactone itself significantly increases the number
of mast cells of the submucosal layer, as well as their
morphology and the distribution of their secretory gran-
ules. Thus, the intestinal mast cell population (mucosal
and submucosal mast cells) exhibit a different response
to the cytoprotective agent (Figs. 1 and 2).

Taking into account that in the small intestine the
sole source of histamine is the mast cell (Cho, 1994),
the effect of DhL on endogenous histamine content was
also analyzed. As expected, this study showed that DhL
-administered orally- increases histamine levels in
duodenum, suggesting that the tissue histamine increase
is related to the higher mast cell population found in
the submucosal layer (Penissi et al., 2003a).

Although interesting, the finding of increased sub-
mucosal mast cell number induced by DhL raised sev-
eral obvious questions. Firstly, which is the probable
mechanism that mediates such an increase? It seems
surprising that there is a significant increase in submu-
cosal mast cell numbers and histamine levels in the small
intestine within 60 min of treatment with DhL. For this
reason, it is difficult to ascribe these changes to mast
cell differentiation from bone marrow mast cell precur-
sors. It is believed that DhL could induce mast cell mi-
gration from other anatomic sites. Secondly, why does
mast cell number increase? Intestinal mast cells clearly
play a role in many pathologic effects associated with
food hypersensitivity (Stenton et al., 1998). However,
mast cells also play a protective role in mucosal defense;
thus, they have both positive and negative effects but, at
present, the mechanisms that control the balance of these
various effects are poorly known (Stenton et al., 1998).
The authors think that the increased mast cell popula-
tion observed in this study serves to enhance the pro-
duction of cytoprotective mediators, such as NO or TNF-
α. There is strong evidence in support of this possibility.
Interestingly, in previous work it has been demonstrated
that DhL prevents gastrointestinal damage elicited by

necrosis-inducing agents such as absolute ethanol
(Giordano et al., 1990; Piezzi et al., 1995; Penissi et
al., 1998). It has also reported that this protective effect
is related to the ability of the drug to stimulate mucus
production (Penissi et al., 1998; Penissi and Piezzi,
1999). It has also been demonstrated that DhL exhibits
strong anti-inflammatory action in acute and chronic
models of experimental inflammation (Guardia et al.,
1995; Juárez et al., 1996). In addition, it has been dem-
onstrated that the gastric cytoprotective effect of DhL
is antagonized by NG-nitro-arginine, a NOS inhibitor,
suggesting that NO is involved in the gastroprotection
induced by DhL (Maria et al., 1998). Based on these
previous reports, the cytoprotective action of DhL could
probably be mediated by mast cell cytoprotective me-
diators, such as NO and/or cytokines. This possibility
is also supported by another finding: DhL-treated sub-
mucosal mast cells exhibit secretory granules with re-
duced electron density and different degrees of
particulation. Some authors (Lawson et al., 1977;
Chock, 1988) have described that -at the transmission
electron microscope level- mast cell mediator release is
associated with readily detectable alterations in the ul-
trastructural appearance of the granule, including swell-
ing and reduced electron density of the granule con-
tents. The obvious mast cell ultrastructural changes
induced by DhL suggest that the lactone is able to pro-
mote mediator release from intestinal mast cells. How-
ever, the authors also thought that the lactone probably
inhibits the release of inflammatory mediators from
enteric mast cells, acting thus as a mast cell stabilizer in
response to injury. This reasoning was based on the
cytoprotective and anti-inflammatory activity of DhL,
which argued against the possibility that swollen and
particulated granules detected in the preparations could
have been due to release of pro-inflammatory media-
tors such as histamine.

The effect of DhL on compound 48/80-induced
histamine and serotonin release in the isolated mouse
jejunum was evaluated (Penissi et al., 2003b). It has been
established that this mast cell secretagogue causes mu-
cosal injury in the gastrointestinal tract and mast cell
mediator release (such as histamine and serotonin), and
that released histamine and serotonin play a role in
mediating the mucosal injury (Ohta et al., 1997; Boros
et al., 1999). Interestingly, incubation of the jejuna with
a 10 mg/ml compound 48/80 solution increased hista-
mine and serotonin release, and that this effect was in-
hibited by DhL.

The effect of DhL on mast cell morphology by light
and electron microscopy was also analyzed (Penissi et
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al., 2003b). In this study, the significantly increased his-
tamine and serotonin release after compound 48/80 treat-
ment was closely associated with a reduction in the num-
ber of granulated submucosal mast cells and with obvious
mast cell ultraestructural changes (Fig. 3). The morpho-

logical findings also showed that DhL inhibited the re-
duction in the number of granulated metachromatically
stained submucosal mast cells, suggesting an interaction
of the lactone with mast cell population and an inhibition
of the degranulation induced by compound 48/80. Fur-
thermore, DhL induced some ultrastructural mast cell
changes, but this last action was less dramatic than that
elicited by compound 48/80 itself.

Morover, DhL inhibited compound 48/80-induced
serotonin release from rat purified peritoneal mast cells
(Penissi et al., 2002).

Some authors have described that a reduction in
the number of granulated mast cells in the gastrointes-
tinal tract after compound 48/80 treatment is due to in-
creased degranulation (Saavedra-Delgado et al., 1984;
Boros et al., 1999a,b). Other authors have shown that -
at the transmission electron microscope level- granules
from unreleased mast cells are present as homogeneous,
dense-staining cytoplasmic inclusions surrounded by
their granule membranes (Lawson et al., 1977). It has
been also described that mast cell mediator release is
associated with readily detectable alterations in the
ultraestructural appearance of the granule, including the
enlargement of the space between the granule and its

FIGURE 3. Transmission electron micrographs
showing mast cells in the jejunal submucosa of mice.
(A) Basal. Numerous homogenously dense secre-
tory granules (HG) distributed throughout the cell
cytoplasm can be clearly observed. (B) 48/80. Mast
cells show obvious morphological changes and evi-
dence of enhanced granule release compared with
control cells. Enlargement of the space between the
granule and its membrane (arrow), granule swell-
ing, and reduced electron density of the granule con-
tents are shown. Granules present a particulated
appearance (particle type granules, PG) showing -
from left to right- increasing degrees of swelling and
particulation. The formation of intracytoplasmic chan-
nels (asterisk) can be seen. (C) DhL+48/80.
Homogenously dense (HG) with no detectable space
between the granule and its membrane, and par-
ticle type granules (PG) showing a space between
the granule content and the perigranular membrane
can be observed. Neither intracytoplasmic channels
nor swelling can be seen. Scale bar = 0.3 µm. Fig-
ure from Penissi et al., 2003b.
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membrane, granule swelling, reduced electron density
of the granule contents, and the presence of a network
of cavities (Lawson et al., 1977).

The fact that DhL inhibits compound 48/80-induced
histamine and serotonin release from mast cells in the
isolated mouse jejunum and in rat purified peritoneal
mast cells, raises the possibility that the lactone acts as
a mast cell stabilizer in the intact animal. Thus, DhL
could prevent histamine and serotonin release and, con-
sequently, intestinal damage elicited by necrosis-induc-
ing agents such as compound 48/80. This mechanism is
quite analogous to the action of ketotifen, a mast cell
stabilizer that significantly protects the gastrointestinal
mucosa against lesions induced by necrotizing agents,
histamine or compound 48/80 (Karmeli et al., 1991;
Eliakim et al., 1992; Kiraly et al., 2000; Ruh et al.,
2000). The comparison between the effect of DhL and
classically used mast cell stabilizer such as ketotifen is
showed in Figure 4.

Summarizing, on the one hand, it has shown that
DhL inhibited the basal and compound 48/80-induced
histamine release from intestinal and peritoneal mast
cells (Penissi et al., 2003b). By the other hand, it has
been previously demonstrated that the intestinal mucosa
treated only with DhL showed normal characteristics,
no morphological damage to the villi, and an enhance-
ment of defensive intestinal factors such as mucus se-
cretion (Fig. 5). In conclusion, DhL, in addition to its
specific action on the submucosal mast cell population
(Penissi et al., 2003a), could act as a selective mast cell
stabilizer by releasing cytoprotective factors and inhib-
iting pro-inflammatory mast cell mediators. These pos-
sible effects can be also explained on the basis of re-
sults by Kops et al. who reported that, depending on the
applied stimuli, mediators can be released differentially
from mast cells (Kops et al., 1990).

FIGURE 4. Effect of DhL and ketotifen (0.8, 1.6
and 3.2 mmol/l) on compound 48/80-histamine
release. Results were expressed as pg histamine
released over 90 min/mg wet tissue weight. All
values are presented as means ± SEM. Figure from
Penissi et al., 2003b.

FIGURE 5. Mechanisms of the cytoprotective ac-
tion of dehydroleucodine at the gastrointestinal level.
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