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FIG. 4. (A) Electron micrograph of a typical mast cell in the
control skin site of an unsensitized monkey injected with PBS 15
min prior to sample fixation. The cytoplasm contains typical elec-
tron-dense granules, which only rarely have lost dense contents. (B)
Mast cell from the skin site challenged with SEB, showing granules
which appear swollen and composed of a dense central zone

surrounded by less dense granule substance with lamellar structure
(C, arrow). Some affected granules intercommunicate to form ag-

gregates. The cytoplasm contains numerous mitochondria (arrow
head) and vesicles (arrows) partly associated with the granules. (D,
facing page) Mast cell from the skin site challenged with cSEB does
not appear to be distinctly different from that of control sites. (E,
facing page) Mast cell from the skin of a compound 48/80-challenged
recipient, showing extensive degranulation with characteristic loss
of granule density. Numerous granules intercommunicate to form
aggregates. The nucleus is pyknotic, and the cell membrane cannot
be identified. Bars in all portions of figure represent 1 pLm.
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induced inhibition of vascular response contributes to the
demonstrated abrogation of the immediate skin reaction
following exposure to SEB.
There is evidence that SE are potent mitogens activating

T-lymphocytes to secrete gamma interferon (13). Since other
lymphocyte mitogens are known to trigger mast cells for a
concentration-dependent, noncytotoxic release of histamine
(21), one may speculate that SEB acts similarly.
That SEB acts by affecting cutaneous mast cells is further

reflected in the ultrastructural morphology of mast cells at
sites of skin reactions. Whereas mast cells in control biop-
sies exhibited characteristically electron-dense granules of
uniform size, mast cell granules from SEB-challenged skin
sites show alterations including limited fusion of adjacent
granules and some loss of dense contents. Many of these
cells had prominent mitochondria, ribosomes, and many
vesicles, indicating active synthesis. These observations
point to the possibility that SEB-induced activation of mast
cells is accompanied by synthetic and metabolic activity.
Mast cells of skin sites challenged with cSEB, however, had
no distinctly different morphology from those of control skin
sites. Massive extrusion of granules from the cells, as occurs
in anaphylactic degranulation of mast cells, was rarely
observed.
We have presented detailed evidence for the failure of

cSEB to elicit immediate skin reactions in unsensitized
monkeys. It is apparent from the results, however, that

cSEB can in fact specifically inhibit the response to the
native SEB in unsensitized skin sites. The exact mechanism
by which cSEB exerts its inhibiting effect has not been
delineated. However, it is reasonable to assume that cSEB
competitively antagonizes the action of native SEB on
binding sites of mast cells, but in contrast to the native
molecule, cSEB is proved to be incapable of promoting
activation signals.
The current study has further demonstrated that skin

reactions in sensitized BALB/c mice and unsensitized mon-
keys following challenge with SEB differed with regard to
the vasoactive amines released. Thus, the serotonin antago-
nist methysergide totally blocked the immediate-type reac-
tion in sensitized mice, whereas Hi and H2 histamine
receptor antagonists failed to inhibit the skin response sig-
nificantly. In this context, however, it should be considered
that the peripheral vessels of mice are rather insensitive to
histamine and quite sensitive to serotonin (20). These data
could be suggestive of a deficiency of functional histamine
receptors in mice accounting for the inefficiency of histamine
antagonists. In addition, pretreatment with the calcium
channel blocker diltiazem totally abrogated skin reactions in
sensitized BALB/c mice after SEB challenge, most probably
by preventing the transporting mechanisms or channel con-
ductance for calcium ions (14). Based on these studies, the
use of pharmacologic agents should also provide a more
complete assessment of the skin reactivity upon challenge
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with SEB in unsensitized monkeys. It is apparent from the
data that treatment of monkeys with the H2 antihistamine
cimetidine most notably inhibited skin reactions, as well as

completely protecting against the emetic response, following
SEB challenge. However, despite significant reduction of
the cutaneous reaction, diphenhydramine, an Hi competi-
tive antagonist, had no effect on the emetic response to SEB
administered by gastric tube.
Although SEB-induced immediate skin response is consis-

tent with mast cell activation, so far there is no definite proof
that histamine is the principle mediator of these reactions.
Rather, the lack of ability of H2 receptor antagonists alone to
inhibit the skin response to histamine or the PCA reactions
to antigen in monkeys (8) argues against the predominance of
histamine, and the possibility must be considered that me-

diators other than histamine are important in the pathogen-
esis of SEB-induced skin reaction. However, the results of
Hutchroft et al. (8) must be interpreted cautiously; it is
apparent from our observation that the H2 antagonist cimet-
idine at a dose of 1 mg/kg clearly inhibited the wheal-and-
flare response to intradermal histamine in baboons (P. H.
Scheuber, unpublished data). In contrast, the finding that H2
antihistamine completely prevented the emetic response as

well upon SEB challenge was surprising. The mechanism
accounting for this observation is not defined by the present
data; however, there is some indication that atypical
(mucosal) mast cells may also be involved in the intestinal
site of action of SEB (P. H. Scheuber, H. Rang, J. Golecki,
and D. K. Hammer, manuscript in preparation). Further, the
inhibitory effect of doxantrazole and the calcium channel
blocker diltiazem on both the cutaneous reaction and the
emetic response suggests that a predominant step in the
sequence of biochemical events following SEB challenge is
the role of calcium ions as a second messenger mediating the
action of the ligand (9).

In conclusion, the association between skin test reactivity
and emetic response following challenge with SEB is a new

approach and may provide a model for investigation of the
operative mechanism in enterotoxemia.
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