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Recently it was reported that certain
strains of Staphylococcus aureus contain a
toxic product with biologic propartias re-
sembling those of bacterial endotoxins(1-6).
Staphylococcal extracts alter dermal reactiv-
ity of the rabbit to epinephrine, cauce heinc.-
rhagic necrosis of sarcoma 180 of mice, are
lethal to adrenalectomized mice, and cause
death of 10-day-old chick emb-yas(1-6). Vi-
able or killed staphylococci also produce
some of these effects(1,5). The heat stability
of the active principle of the extracts was
reminiscent of staphylococcal enterotoxin.
Accordingly, the present investigation was

* Study aided in part by research grant from
Nat. Inst. of Allergy and Infect. Dis, USP.HS.
t US.P.HS. Research Fellow.

carried out to determine whether purified
prepdrations of enterotoxin also alter dermal
reac*ivity to epineplirine of rabbit and guinea
pig.

Materials and methods. Partially and
highly purified enterotoxins prepared from
the S-6 strain of Staphylocsccus aureus were
employed. Preparations 7A, 8A, 9B, and 94
were :repar:d ccotding to the methods of
Bergdoll et al.(7), and supplied by Dr. Berg-
doll of the University of Chicago. Prepara-
tiens D2 anc¢ D6 were prepared by Dr. E. J.
Schantz of Fort Detrick, according to <ome-
what modified procedures. The .uxin con-
tent of the preparations was measured by the
Oudin single diffusion method in tubes; pur-
ity was calculated as the ratio of tne specific
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ENTEROTOXIN AND EPINEPHRINZ REACTION

TABLE 1. Effect of Intravenous Injection of
Enterotoxin on Dermal Reactivity of Rabbits to

Epinephrine.
Prepuration
of Approx. Total positive
enterotoxin % purity ug/rabbit /Totalsites
8A 20 1 1/2
9B 80 1 1/2
D2 26 1 2/2
Dé 96 2 6/7
2 3/4
.02 4/4
Saline - TR B

teria to represent essentially pure toxin. "Al-
bino rabbits, weighing approximately 2 kg,
and guinea pigs weighing approximately 200
g, were used. The toxins were given intra-
venously and epinephrine in aqueous solution
was injected into the shaved abdominal skin.
Alternatively, toxin was administered intra-
dermally, and after 4 hours epinephrine was
administered into the same skin sites. The
resulting reactions were read 18 hours after
the injections and were considered positive
if the lesions measured more than 50 mm?;
the lesions appeared either red or bluish and
resembled those observed after injection of
endotoxin from gram-negative bacteria and
epinephrine(1,3). Lipopolysaccharides were
kindly supplied by Professor O. Westphal,
Max-Planck Institute, Freiburg, Germany,
and by Dr. E. Ribi, Nat. Inst. of Allergy and
Infectious Diseases, Rocky Mountain Lab-
oratory, Hamilton, Mont. Pyrogen-free test
tubes, pipeites, syringes, and needles were
used. Phosphate buffer (pH 7.3) prepared
with pyrogen-free distilled water was used as
diluent.
carried out in both laboratories with essen-
tially identical results.

‘tive reactions was increased.

Representative experiments were

Results. In exploratory experiments it was
found that intravenous injection of staphy-
lococcal enterotoxin (10 pg/kg) followed im-
mediately by intradermal injection of epine-
phrine (100 pg) resulted in positive skin re-
actions at the epinephrine sites in 2 of 11
rabbits. The reactions reached their maxi-
mum severity in about 18 hours and were
similar to those produced by intradermal in-
jections of staphylococcal extracts and sus-

. /pengions(1). Subseduent work revealed that,
—————————"—"— when, the . intervi! 'between injections was
activity thus obtained ‘to" that 'of" 4" Bighly.
purified preparation -judged by several cri-

lengthened to 18 hourr, the incidence of posi-
‘ Under these
conditions 4 preparations of staphylococcal
enterotoxin were all active in eliciting the re-
action (Table I). Enterotoxin preparation
D6 produced positive reactions in amounts
as small as 0.02 pg.

The effects of intradermal injection of en-

terotoxin were also investigated. Enterotoxin

was injected intradermally in a volume of 0.1
ml, and 4 hours later 100 ug of epinephrine
(0.1 ml) was injected into the same site. Re-
sults obtained with preparation 9B in rabbits
are recorded in Table II. Amounts as small
as 0.0001 pg elicited positive reactions at 2
of 5 skin sites tested. Six preparations of
staphylococcal enterotoxin were all active in
producing the reaction (Table III).

The effects of enterotoxin administered in-
tradermally into guinea pigs were also inves-
tigated, and the results obtained with 4
preparations of enterotoxin are recorded in
Table IV. Enterotoxin in amounts as small
as 0.01 ug elicited positive reactions. Intra-
peritoneal injection of 10 ug of enterotoxin
into guinea pigs followed in 18 hours by in-
tradermal injection of epinephrine (10 ng),
did not result in positive skin reactions.

Additional studies were carried out to char-

TABLE II. Effect of Enterotoxin 9B on Dermal Reactivity of Rabbit to Epinephrine.

Amt of entero-

No. of skin sites

toxin {yg/0.1 ml  Strongly Moderately  Weakly
intraderinally) positive positive positive Negative Total

10 2 0 1 0 3

1 17 5 2 0 24

1 8 1 1 1 11

.01 4 4 2 1 11

001 5 2 1 3 11

0001 2 0 0 3 5
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ENTEROTOXIN AND EPINEPHRINE REACTION

TABLE III. Effect of Intradermal Enterotoxin on Dermal Reactivity of Rabbit to Epi-

nephrine,
ug of enterotoxin injected
. 10 1 0.1

Preparation . L .

of Approx. No. of dermal sites developing indicated degreee of reaction
enterotoxin % purity ++ + - +4+ + - ++ 4+ -

D2 96 2 1 0 22 2 0 @ 1 1

7A 20 2 1 0 5 1 0

8A 20 2 0 1 2 1 0

9B 80 3 0 0 3 2 0 7 2 2

D6 96 5 0 4

94 94 2 0 0 2 0 0

acterize the altered reactivity to epinephrine
elicited by staphylococcal enterotoxin. In-
tradermal injection of 100 ng of serotonin
failed to elicit a reaction in skin sites of 4
rabbits previously injected with 1 pg of en-
terotoxin 9B. The same animals were then
given 100 pg of epinephrine into skin sites
prepared in the same way, and 3 of the 4
rabbits developed positive reactions. The re-
sults are similar to those obtaired previously
with staphylococcal extracts(1). The effect
of heating the enterotoxin was studied, and
it was observed that enterotoxin yielded posi-
tive epinephrine reactions in rabbits after it
had been held 15 min at 60°C or 100°C.

Antiserum prepared against the highly
purified D2 enterotoxin was tested for neu-
tralization of the epinephrine effect. Intra-
venous or intradermal injection of entero-
toxin mixed and incubated with anti-entero-
toxin caused epinephrine reactions as did
controls without antiserum, although the an-
tiserum contained precipitating antibodies
for enterotoxin.

Studies in which more than one skin site
per animal were injected with 1 to 10 ug of
enterotoxin or diluent and followed after 4
TABLE IV. Effect of Intradermal Tnjection of

Enterotoxin on Dermal Reactivity of Guinea Pigs
to Epinephrine,

Total positive/Total
ninea pi
Enterotoxin gninea pigs
preparation  Approx. #R/0.1 ml
intradermally % purity M 1 01 oM
8A 20 3/6 4/6 1/6 2/6
R 80 3/6 26 3/6 2/6
N2 26 4/6 4/6 3/60 4/6
De a4 /6 2/6 1/6 2/6
Raline 0’8

hours by epinephrine revealed that occa-
sional positive reactions occurred at control
sites injected with diluent and epinephrine,
probably due to spread of toxin. The dis-
tance between the toxin sites and the diluent
sites, and whether they were on the same or
opposite sides of the animal appeared to have
no effect on the incidence of reactions.
Epinephrine injected immediately after ad-
ministration of toxin did not produce reac-
tions at control sites.

Local Shwartzman reactions were not ob-
served in a group of rabbits that received in-
tradermal preparatory doses of enterotoxin
ranging from 10 ug to 0.01 ug followed after
18 hours by an intravenous provoking dose
of 100 pg of enterotoxin. Shwartzman-like
reactions were produced in 2 of 4 rabbits
when a preparatory dose of 100 pg entero-
toxin was given intradermally and a provok-
ing dose of Escherichia coli lipopolysacchar-
ide was given intravenously 18 hours later.
With a preparatory dose of 10 ug of entero-
toxin, one of 10 rabbits gave positive results.
None of 4 rabbits gave Shwartzman reactions
when the toxins were given in the reverse or-
der.

Rabbits were tested with intradermal en-
terotoxin and epinephrine, and the following
day were injected intravenously with Sal-
monella enteritidis endotoxin (2 pg/kg) and
intradermally with epinephrine (100 ug) at
a previously uninjected site. Positive reac-
tions with both toxins were obtained in 11
animals, 2 rabbits reacted only to entero-
toxin, and 4 rabbits only to endotoxin. These
results suggest that the susceptibilities of rab-
bits to the 2 toxins are independently deter-
mined.




[ PN

Discussion. 'The present investigation has
revealed that partially and highly purified
preparations of staphylococcal enterotoxin
alter the dermal reactivity of rabbits and
guinea pigs to epinephrine. The question
arises whether the epinephrine effect is due
to enterotoxin itself or to some other com-
ponent present in the purified {renarations.
If the epinepbrine effect were aue to « hith-
erto unrecoghized component of purified en-
terotoxin, it would have to be present in all
preparations examined thus far, and, to ac-
count for the high activity, in high concen-
tration. On the other hand, if the epine-
phrine effect is in fact due to enterotoxin, a
new basis will be provided for biological as-
say of this elusive toxin, and inferences may
be drawn regarding its mode of action.

The altered reactivity to epinephrine in-
duced by the enterotoxin preparations in rab-
bits resembles that produced by staphylo-
coccal extracts, by viable or killed staphy-
lococci, and by endotoxins from gram-nega-
tive bacteria. Although similarities are evi-
dent in the biological activities of enterotoxin
and endctoxin, differences are also- apparent.
Thus it would appear that aithough entero-
toxin is active as a preparatory dose in the
Shwartzman reaction, it differs from endo-
toxin in being inactive as a provoking dose.
The available chemical and physical data
also reveal no similarities between classical
endotoxin and the staphylococcal enterotoxin,
and accordingly it is suggested that the latter
product should not be referred to as endo-
toxin.
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Summary. Intravenous injection of 6
preparations of the S-6 type of staphylococ-
cal enterotoxin in rabbits resulted in the ap-
pearance of dermal lesions at the site of sub-
sequent intradermal injections of epinephrine.
Intradermal injection of staphylococcal en-
terotoxin followed by administration of
epinephrine into the same sites also resulted
in the appearance of dermal lesions in both
rabbits and guinea pigs. Enterotoxin was
effective in amounts as small as 0.0001 ag:
The toxic factor was not destroyed by heat-
ing for 15 min at 60°C or 100°C. Anti-
serum failed to neutralize the toxic effect.

‘The authors are indebted to Mr. Fred E. White for
technical assistance. V. Bokkenheuser gratefully ac-
knowledges assistance by grants from South African
Council for Scientific and Industrial Research, Pre-
toria, So. Africa and The Wellcome Trust, London.
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