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Review

Mast Cell Degranulating Peptide: A Multi-functional
Neurotoxin
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Abstract—This review discusses our present knowledge of the structure and activities of the mast cell
degranulating peptide (MCDP). This peptide is a basic, 22 amino acid residue component of honey bee
venom with striking immunological and pharmacological activities. MCDP is a potent anti-inflammatory
agent, but at low concentrations it is a strong mediator of mast cell degranulation and histamine release.
MCDP is also an epileptogenic neurotoxin, an avid blocker of the potassium channels and can cause a
significant lowering of the blood pressure in rats. Some of the biological activities of MCDP appear to have
distinct mechanisms and may represent a good illustration of the structure-function relationship.

The venom of the European honey bee (Apis mellifera) has
long been considered to be a rich source of anti-inflamma-
tory activities. Even in modern times, ‘‘apitherapy” has
continued to be a common practice in China, Eastern Europe
and South America for a variety of inflammations and
infections (Beck 1935, Somerfield 1984; Hider 1988).
Although bee venom has not quite lived up to its reputation
as the panacea of folk medicine, its striking immunological
and anti-allergic activities have been repeatedly examined
and verified by several laboratories and clinics around the
world (Lorenzetti & Fortenberry 1972; Zurier et al 1973;
Chang & Bliven 1979; Bosquote et al 1988; Hadjipetrou-
Kourounakis & Yiangou 1988).

Bee venom contains several proteins, peptides, physiologi-
cally active amines, sugars, phospholipids, amino acids,
pheromones and other volatile substances. Almost 50% ofits
peptide fraction consists of melittin, a surface active, highly
cytolytic peptide of 26 amino acids which occurs in a
tetrameric form with a relative molecular weight (Mr) of 12
kilodalton (Nakajima et al 1985; Hider 1988). Melittin is
devoid of any known anti-inflammatory properties but can
mediate the release of histamine from mast cells, mostly by a
general lytic process (Zurier et al 1973; Hanson et al 1974;
Jasani et al 1979).

Another well known peptide component of the bee venom
is apamin. This 18 amino acid peptide is a potent convulsant
neurotoxin capable of blocking neuronal Ca’*-activated
potassium (K) channels (Romey & Lazdunski 1984). No
significant effects by apamin on the immune system have yet
been demonstrated (Zurier et al 1973).

Almost all of the immunological activities of the peptide
fraction of bee venom have been attributed to a single
peptide: mast cell degranulating peptide (MCDP), also
known as peptide 401 (Billingham et al 1973; Banks et al
1976). MCDP, which constitutes 1-2% of the bee venom is a
highly cationic 22 amino acid peptide (Mr; 2-5 kilodalton)
containing two arginine, five lysine and five strongly hydro-
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phobic amino acid residues and an amidated C-terminus
(Fig. 1).

Due to the absence of free carboxyl groups and the
abundance of basic amino acids, MCDP has an isoelectric
point of 12. It has been purified to homogeneity, completely
sequenced and was shown to be rich in a-helical structure
(Breithaupt & Habermann 1968; Gauldie et al 1976; Bidard
et al 1987). Its predicted three dimensional architecture,
however, is almost spherical with eight positive centres
evenly distributed over its molecular surface (Hider &
Ragnarsson 1981; Kumar et al 1988). This peptide contains
four cysteine residues allowing the formation of two intra-
molecular disulphide bonds between the positions 3-15 and
5-19, resulting in a tightly packed, cyclic structure of two
asymmetric loops (Gauldie et al 1978; Argiolas et al 1985;
Bidard et al 1987). Although the amino acid sequence,
arrangement of the disulphide bonds and the three dimensio-
nal structure of MCDP is similar to that of apamin (they are
commonly referred to as isotoxins), they have distinct
cellular receptors and elicit completely different physiologi-
cal responses (Gauldie et al 1978; Hider & Ragnarsson 1981;
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FIG. 1. Primary structure of the bee venom mast cells degranulating
peptide (MCDP). The relative position of the amino acids is a
schematic depiction of the two asymmetric, overlapping and tightly
packed peptide loops formed by the presence of two disulphide
bonds (black bars) in the MCDP molecule. Amino acid symbols are;
I, isoleucine; K, lysine; C, cysteine; N, asparagine; R, arginine; H,
histidine; V, valine; P, proline; and G, glycine.
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Table 1. Various biological activities of the mast cell degranulating
peptide (MCDP).

Activity
1. Anti-inflammatory
2. Histamine releasing

1. Convulsive
2. Blocking of K-channels

Anti-hypertensive

Target
Immune system

Central nervous system

Cardiovascular system

Romey & Lazdunski 1984; Bidard et al 1987; Hider 1988;
Kumar et al 1988).

MCDP has two potent but antagonistic immunological
activities. It is a powerful anti-inflammatory agent, but at
low concentrations mediates the degranulation of mast cells
thus evoking an inflammatory response.

In addition, MCDP has two important pharmacological
properties, one in the central nervous system (CNS), where
MCDP acts as a neurotoxin capable of blocking a class of
voltage-gated potassium channels (Taylor et al 1984; Naka-
jima et al 1985; Bidard et al 1987; Cherubini et al 1987, 1988).
The second is a cardiovascular effect. In experiments with
rats, MCDP has proved to be a potent hypotensive agent,
significantly lowering blood pressure (Breithaupt & Haber-
mann 1968; Hanson et al 1974; Buku et al 1989). Since little
information is available on the latter action of MCDP, it will
not be discussed further in this review. The major biological
activities of MCDP are summarized in Table 1.

Anti-inflammatory Activity of MCDP

Inflammation is a complex process through which the body
repairs tissue injury and counters infections. The most
common disease of chronic inflammation in man is rheuma-
toid arthritis. Traditionally, the experimental adjuvant-
induced arthritis in rats has been widely accepted as a
suitable animal model resembling the human disease and has
served as a useful system for testing various anti-inflamma-
tory agents. Adjuvant-arthritis is a general cell-mediated
polyarthritis which can be induced in rats within 10-12 days
following the injection of the heat-killed Mycobacterium
tuberculosis in Freund’s adjuvant (Banks et al 1976). Utiliz-
ing this model Billingham et al (1973) demonstrated that
MCDP markedly suppressed the development of adjuvant
arthritis and effectively reduced the progression of primary
and secondary lesions in the established disease. The anti-
inflammatory activity of MCDP was 2-100 times more
potent than comparable doses of hydrocortisone, mepyra-
mine, indomethacin, phenylbutazone, sodium salicylate or
dexamethasone, agents commonly used to alleviate the
severity of rheumatoid arthritis in man (Billingham et al
1973; Hanson et al 1974; Somerfield 1984). Other tests of the
anti-inflammatory drug action such as rat paw oedema test,
plasma protein accumulation or the effect of histamine on
cultured human skin, have also indicated that MCDP is
almost 100 fold more potent than hydrocortisone and several
other anti-inflammatory drugs examined (Billingham et al
1973; Hanson et al 1974; Banks et al 1976). In animal studies,
MCDP administered intravenously, immediately before an
intradermal injection of an inflammatory agent, could
prevent extravasation (the escape of fluid into the surround-
ing tissue) at a dose of 200 mg kg ! body weight. However, it

was much less effective if given intradermally following the
injection of the irritant. This has been thought to be due to
the slow spread of the peptide from the site of injection
(Hanson et al 1974; Banks et al 1976). Furthermore, pre-
treatment of the animals with antagonists of histamine and 5-
hydroxytryptamine could inhibit the inflammatory actions
of MCDP but did not diminish the activity of MCDP against
other inflammatory agents (Hanson et al 1974).

The mechanism of MCDP action is still obscure. Origi-
nally it was thought that MCDP, like the whole bee venom,
exerts its anti-inflammatory activities by stimulation of the
adrenal gland to release corticosteroids (Lorenzetti & For-
tenberry 1972; Moczydlowski et al 1988). This hypothesis
however, has been repeatedly questioned, since in several
other studies, adrenalectomized rats showed an identical
response to MCDP as their sham operated counterparts.
Furthermore, MCDP consistently failed to mediate the
release of corticosterone from suspensions of adrenal cortical
cells in culture (Billingham et al 1973; Hanson et al 1974;
Banks et al 1976). The anti-inflammatory action of MCDP is
apparently unaffected by regional denervation, nor is it likely
to be due to a reduction in tissue perfusion (Hanson et al
1974).

A possible mode of MCDP action was proposed following
the observation that MCDP binds exclusively and specifi-
cally to white blood cells, and it is a strong in-vitro inhibitor
of the conversion of arachidonic acid into prostaglandin E;
(Banks et al 1976; Hider 1988). Prostaglandin E, is actively
involved in the inflammatory process and causes vasodila-
tion, potentiates the permeability effects of histamine or
bradykinin and enhances the sensitivity to pain (hyperalge-
sia). Therefore, an inhibitor of the cyclo-oxygenase pathway,
through which arachidonic acid is converted to prosta-
glandins, would be expected to reduce the severity of the
early phases of the inflammatory reaction. Aspirin is a
familiar example of such an inhibitor. It must be strongly
emphasized, however, that to the best of the authors’
knowledge, solid pharmacological data indicating the exis-
tence, type or affinity of specific MCDP receptors on white
blood cells are presently unavailable.

The most recent hypothesis regarding the anti-inflamma-
tory mode of MCDP action suggests that the peptide acts
through an open tetravalent mercaptoid form (Buku et al
1989). At high concentrations, the MCDP molecule occupies
the disulphide hinge regions of the two IgE molecules cross-
linked by the antigen (allergen), resulting in changes in their
conformation. This in turn may distort the normal configu-
ration of the IgE-Fc receptor complex which is necessary for
successful signal processing, activation and degranulation of
mast cells.

Although the precise mechanism of MCDP action must
await further studies, it is conceivable that this peptide exerts
its anti-inflammatory effects through multiple pathways and
all modes of action thus far suggested (and perhaps more) are
operative at once. However, all these proposals must, for the
present, remain largely speculative.

Mast Cell Degranulation by MCDP

A second feature of the MCDP, radically antagonistic to its
anti-inflammatory activities, is its ability to degranulate mast
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cells and release histamine. The granules of a number of mast
cell sub-types contain several active agents (e.g. histamine), a
host of chemotactic and activating factors, and various
hydrolytic enzymes. When a mast cell releases its granular
contents into the extracellular space (‘‘degranulates™), it
mediates the early phases of an inflammatory response. This
involves vasodilation, increased vascular permeability and
chemotaxis. Degranulation of mast cells is a multi-step and
complex process which has not been totally elucidated.
Taking a simplified view, it starts with the binding of antigen
to IgE molecules. This is a bivalent reaction which results in
cross linking of two IgE molecules on the plasma membrane
of mast cell. This causes dimerization of the IgE receptors
which then triggers a series of events, starting with the
activation of phospholipase C, through mobilization of
calcium ions, protein phosphorylation, activation of phos-
pholipase A,, leading to the formation of lysolecithin. The
latter then mediates the fusion of mast cell granules with its
plasma membrane and causes the release of chemical
mediators.

A number of small peptides have been identified as strong
mediators of histamine release and MCDP is certainly one
such peptide. In-vitro studies using highly purified synthetic
MCDP, have shown that this peptide can liberate 50% of the
histamine content of rat peritoneal mast cells at a concentra-
tion range of 10-8-10-7 m (Jasani et al 1979; Gushchin et al
1981; Chhatwal et al 1982; Buku et al 1989). MCDP is a more
potent histamine liberator than several other known hista-
mine releasers such as concanavalin A (Chhatwal et al 1982),
protamine, bradykinin, tuftsin, ACTH and melittin (Jasani
et al 1979). The histamine releasing ability of MCDP is
equivalent to compound 48/80, a remarkably potent low
molecular weight synthetic liberator of histamine (Hanson et
al 1974; Banks et al 1976; Chhatwal et al 1982).

Again, the exact mechanism of MCDP action in releasing
histamine is unclear. In fact, the whole subject of the mode of
action of histamine liberators is complex and controversial.
However, this peptide possesses adequate structural features
to be a histamine liberator. It is a highly cationic peptide with
amidated carboxyl terminal and lacks acidic side chains,
features apparently necessary for a peptide to be an effective
histamine liberator (Jasani et al 1979).

Activation of mast cells involves increased permeability of
the plasma membrane to Ca?* ions. This in turn results in
protein phosphorylation and swelling of the granules before
fusion to the plasma membrane. The highly basic MCDP
may directly interact with the acidic side groups of the
calcium channels and cause their activation (Buku et al
1989). This would open the calcium channels, cause a rise in
the intracellular Ca?* concentration and could result in mast
cell degranulation. Alternatively, MCDP, like many other
basic histamine liberating peptides, may be able to mimic a
particular amino acid sequence within the Fc region of IgE,
thus directly reacting with the IgE receptors of mast cells
causing degranulation (Jasani et al 1979; Buku et al 1989).

Blocking of the Potassium Channels by MCDP

In addition to the two major properties described above,
MCDP also possesses a potent CNS activity. This peptide is

an epileptogenic neurotoxin capable of blocking voltage-
gated potassium (K) channels. These channels are integral
membrane proteins of great diversity present in practically
all mammalian cells. In excitable cells, some K-channels in
association with sodium channels, are responsible for the
generation of the action potentials, the release of neurotrans-
mitters and, reportedly, the process of learning and memory.
In addition, K-channels perform important functions in the
immune and endocrine systems, regulation of blood pressure
and chemosensory functions such as taste (reviewed by Jan &
Jan 1989).

A number of snake, scorpion and bee venom-derived
peptides, including MCDP, have been shown to interact with
the voltage-gated or calcium activated K-channels. MCDP
has high affinity receptors throughout the brain, kidney,
adrenal and intestine (Bidard et al 1987; Cherubini et al 1987,
1988). This peptide is known to be a potent blocker of at least
one sub-type of K-channel, that responsible for the transient
(or “A”) type K-current (Stansfeld et al 1987; Gandolfo et al
1989a, b). MCDP efficiently inhibits binding of the snake
venom-derived dendrotoxin I and f-bungarotoxin to this
type of K-channel as determined by the conventional ligand
binding assays and cross linking of these neurotoxins to their
receptors in brain (Gauldie et al 1978; Stansfeld et al 1987,
Schmidt & Betz 1989). The putative brain receptor for
MCDP is a 77 kilodalton protein which is also a receptor for
dendrotoxin I and f-bungarotoxin (Rehm & Lazdunski
1988; Schmidt & Betz 1989). Furthermore, drugs capable of
activating K-channels prevent the epileptogenic actions of
MCDP in rats when administered before the injection of
MCDP. This finding furthers the evidence for specific
interaction of this peptide with the neuronal K-channels
(Gandolfo et al 1989a, b). Moreover, a recent report has
shown that MCDP also appears to share the binding site with
charybdotoxin, a neurotoxin originally described as a speci-
fic blocker of the calcium activated K-channel (Gimenez- .
Gallcgo et al 1988; Schweitz et al 1989). Interestingly,
Cherubini et al (1987) have detected an endogenous brain
peptide which is immunologically and functionally related to
MCDP, raising the possibility that MCDP-like peptides in
the brain may be important in the long term potentiation of
synaptic transmission. This finding may also imply the
existence of endogenous K-channel blocking and, perhaps,
activating peptides in the brain.

The effect of MCDP on the immune system has not yet
been attributed to its avidity for K-channels. However, K-
channels are known to perform important functions in the
immune system (reviewed by Lewis & Cahalan 1988), and it
is conceivable that the interaction of MCDP with cells of the
immune system may involve one or more types of voltage-
gated K-channels. Specifically, since Ca?* ions appear to be
important factors in mast cell degranulation, it is possible
that blocking of K-channels with MCDP would depolarize
the plasma membrane of the mast cell, resulting in an
enhanced influx of Ca?* ions from the extracellular space
into the cell. It must be noted, however, that unlike the
calcium channels, the K-channels have not yet been directly
detected in the plasma membranes of mast cells. With the
availability of several synthetic, recombinant or highly
purified neurotoxins, elucidating the functional roles of K-
channels in the mast cells represents an exciting new area of
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research in immunology where, traditionally, there have
been parallels with the CNS.

Since MCDP has been long considered to have therapeutic
potential and also because of its pronounced CNS activities,
its toxicity has been studied to some degree. In comparison
with its isotoxin, apamin, MCDP has a surprisingly low
toxicity when administered outside of the CNS. However,
when injected directly into the brain cavity of adult rats,
MCDP causes epileptic seizures and death at approximately
0-3 nmol per animal (Taylor et al 1984; Gandolfo et al
1989a). Milligram quantities of MCDP have been intrader-
mally or intravenously injected into mice with no lethality
(Billingham et al 1973; Banks et al 1976). This may imply that
MCDP, when injected systemically, is unable to cross the
blood-brain barrier. Interestingly, apamin which is very
similar in structure to and only four amino acids shorter than
MCDP, appears to pass from blood to brain (Moczydlowski
et al 1988). To the present time, the LD50 value for MCDP
injected intravenously or subcutaneously in mice has not
been determined. The toxicity induced by injecting massive
doses of MCDP in rats, however, has been attributed to its
histamine releasing activities (Banks et al 1978). Unfortuna-
tely, detailed toxicological studies on MCDP are presently
unavailable.

Structure-function Relationship in MCDP

The structure-function relationship in MCDP has been the
subject of several studies. There is strong evidence that the
multi-functional nature of MCDP is a reflection of its unique
amino acid backbone. The three dimensional structure of
MCDP appears to be essential for its biological activities,
since reduction and carboxymethylation of the two disul-
phide bonds (Fig. 1), abolishes all of its immunological and
CNS activities (Banks et al 1978; Gushchin et al 1981).
Irreversible modification of its two arginine residues does not
affect the anti-inflammatory or histamine releasing actions of
MCDP but causes a complete loss of its CNS activities
(Banks et al 1978; Gushchin et al 1981; Taylor et al 1984).
Dependent upon the type of the anti-inflammatory assays
used, substitution of the two histidine residues either has no
effect (Banks et al 1978), or significantly impairs the action of
MCDP (Gushchin et al 1981). Modification of the ¢-amino
groups of the five lysine residues in MCDP results in a
complete loss of its activities (Banks et al 1978; Gushchin et
al 1981; Taylor et al 1984). It appears, therefore, that MCDP
possesses multiple functional domains which are relatively
distinct and occupy different sites on its molecule (Banks et al
1978). This conclusion however, must be drawn with caution
since the available evidence does not indicate the existence of
one distinct functional domain for each biological activity of
MCDP.

The differential effects of chemical modifications on
various biological activities of MCDP may imply that this
peptide interacts with distinct receptors which are target cell-
specific. It is not at all surprising that a bioactive peptide
contains multiple effector domains. In several multi-func-
tional polypeptides, distinct molecular domains appear to
act relatively independently in performing the various bio-
logical effects of the parent protein. Immune interferon
(IFN-y) may be a suitable example, in which the functional

domains responsible for the anti-proliferative, HLA antigen
modulation and anti-viral actions are apparently distinct
from those involved in the receptor binding and down
regulation of the expression of cell surface antigens other
than HLA (Ziai et al 1986).

The existence of distinct molecular domains on the MCDP
molecule must await further studies by peptide chemists,
pharmacologists and perhaps molecular biologists. Cloning
and in-vitro mutagenesis of the gene encoding MCDP would
be a powerful approach in defining the molecular profile of
this interesting neurotoxin . With the increasing interest in
the CNS activities of MCDP, the latter approach is likely to
be pursued in the near future.
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