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biphasic cortical response, as well as 8 well 
defined and regular after-potentials are clearly 
visualized. Noise and transient discharges 
have virtually disappeared. 

Where applicable, PET offers certain ad- 
vantages over computer averaging techniques. 
PET is not limited by channel capacity. Res- 
olution is restricted only by the width of the 
oscilloscope trace or the slow variability of 
the waveform. PET will recognize 2 or more 
waveforms which alternate, rather than dis- 
play a spurious composite. PET reproduces 
median or modal waveform rather than mean 
waveform. Whereas computer procedures 
store and process both information and noise, 
PET retains only repeated information and 
eliminates noise. In addition, line width and 
line brightness may be employed as indices 
of waveform reliability. Brighter and more 
narrow portions of a multiphasic wave will 

indicate greater repeatability or reliability of 
that waveform component. However, the de- 
termination of the variability in a biological 
potential must be statistically evahlated on 
the basis of individual waveform analysis ( 2 ) .  

This technique has been successfully em- 
ployed in investigation of electroretinogram 
components as well as the postnatal develop- 
ment of evoked cortical potentials (3).  With 
the addition of suitable electronic triggering 
circuitry, PET may be employed with aperi- 
odic spontaneous electrical activity. 
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Staphylococcal enterotoxin elicits several 
biological responses resembling those pro- 
duced by bacterial endotoxin. The first ex- 
perimental feeding of enterotoxin to monkeys 
results in a transitory refractoriness to8 the 
emetic stimulus of enterotoxin which is dis- 
tinct from permanent immunity. The tem- 
poral sequence of this tolerant state is similar 
to that of the “non-specific” resistance to 
infections and endotoxins following a single 
dose of endotoxin( 1) .  Intradermal injection 
of staphylococcal enterotoxin alters the der- 
mal reactivity of rabbits and guinea pigs so 
that injection of epinephrine into the same 
site results in a local hemorrhagic response. 
The local Shwartzman phenomenon can be 
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produced by staphylococcal enterotoxin if 
bacterial endotoxin is employed as the pro- 
voking agent ( 2 ) .  The intravenous injection 
of staphylococcal enterotoxin into cats results 
in a biphasic hyperthermia(3). A reticulo- 
endothelial blockading agent ( Thorotrast) 
sensitizes monkeys to the emetic action of 
intragastrically administered enterotoxin (4 )  . 
Mice and rabbits pretreated parenterally with 
staphylococcal enterotoxin are more sensitive 
to the lethal action of bacterial endotoxins 

The present communication is concerned 
with the effect of staphylococcal enterotoxin 
on 3 other changes effected in rabbits by 
bacterial endotoxins. Fibrinogen levels grad- 
ually increase after a single intravenous in- 
jection of bacterial endotoxin while the blood 
platelet counts decrease (6 ,7) .  Administra- 
tion of bacterial endotoxin induces the ap- 
pearance of an altered form of fibrinogen 

( 5 ) .  
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which precipitates with heparin in the cold 
(8) * 

Materials and methods. Two Enterotoxin 
B preparations of about 95% purity were 
used. Prep I was obtained by the previously 
described method( 9) while I1 was purified 
by substitution of carboxymethylcellulose ion 
exchange step for starch electrophoresis and 
alcohol precipitation. The intragastric (i.g.) 
emetic potency of Prep I has gradually de- 
creased so that at the time of the present ex- 
periments 30 pgJmonkey was needed to pro- 
voke vomiting in 50% of previously unused 
monkeys. Prep I1 had i.g. emetic EDBo of 
10 pgJanimal. The intravenous (i.v.) emetic 
EDs0 of these samples for monkeys was 
about 0.8 and 0.5 pgJkg body weight for 
Prep I and 11, respectively. 

Prep I11 was Enterotoxin A sample in 
which a t  least 50% of the organic material 
was enterotoxin. The i.g. emetic ED50 for 
monkeys was between 70-100 pg per animal. 
Boiling the toxin sample for 30 minutes re- 
duced its lethal activity for rabbits so that 
i.v. injections could be used(5). 

Bacterial endotoxin was lipopolysaccharide 
(LPS) of Escherichia coli Olll:B4 (Difco 
Laboratories) dissolved in pyrogen-free saline 
by holding in 80°C water bath for 1 5  
minutes. 

New Zealand male rabbits of 2-3 kg were 
used after conditioning in the laboratory for 
at least 7 days. Blood was obtained by 
cardiac puncture; injections were into the 
ear vein. Rhesus monkeys (Macaca mulatta) 
were challenged with enterotoxin either i.v. 
or i.g.; blood was taken from the saphenous 
vein. 

Fibrinogen was assayed as either heat pre- 
cipitable fibrinogen of Stirland's method ( 10) 
or as clottable fibrinogen by a modification of 
the method of Ware et aZ( 11 ) . Enumeration 
of blood platelets was by the direct counting 
technic( 110) using Rees-Ecker diluent. Blood 
serotonin was determined by spectrophotoc 
fluorometry of protein-free filtrate of whole 
blood obtained by zinc sulfate precipitatioa 
(12). The effect of enterotoxin on these 
parameters was calculated as the percentage 
of control values (immediately before chal- 

lenge) a t  selected intervals after enterotoxin 
injection. Heparin-precipi table fibrinogen 
was determined by holding heparinized plas- 
ma (1 mgJml of whole blood) for 2 hr in an 
ice-water bath ( 13). 

Results. The average increases of fibrino- 
gen titers of rabbits challenged intravenously 
with several doses of 3 enterotoxic prepara- 
tions are shown in Table I. The results with 
Prep I showed gradual rises in titer attaining 
a maximum around 24 hr post challenge when 
the fibrinogen concentration was 2 to nearly 
3 times the control values with the higher 
toxin dosages. Individual rabbits showed in- 
creases of up to 3.8 times pre-injection levels, 
while an occasional rabbit was much less 
sensitive. The titer at 48 hours was generally 
slightly lolwer than at 24 hours. 

The hyperfibrinogenemia was not due to 
hemwoncentration. Two rabbits showed 
fibrinogen concentrations 1.9 and 3.4 times 
greater than pre-injection levels 24 hours 
after injection of 50 pdkg of Prep 11. The 
erythrocyte counts showed no significant 
changes (5.5 and 5.3 x lo6 pre-injection to 
5.6 and 5.2 X 106/mm3 24 hours after en- 
terotoxin) . 

The present data with staphylococcal en- 
terotoxin are similar to those reported after 
a single injection of bacterial endotoxin ex- 
cept for the continuing increase in fibrinogen 
over a 48-hour sampling period after endo- 
toxin(6). This suggests a difference in the 
response of the rabbit to these 2 toxins. 

TABLE I. Average Increases of Rabbit Fibrino- 
gen Titers (Percentage of Pre-injection Level) 
After Intravenous Injectionla of Staphylomacal 

Enterotoxin. 

Challeuige No. Hr after enterroito~xxin 
toxin,pg/kg animals 4 18 24 30 48 
_ _ _ _ _ _ _ _ ~ ~  ~ 

Saline 6 105 10'4 112 115 118 
Prep1 50 4 154 185 280 251 210 

10  4 161 170 258 228 230 
1 4  - -  18'5 - 187 

Prep11 10 3 - - 242 - 213 
2 3 - -  260 - 247 

.5 3 - - 150 - - 
Prep111 25 2 - 197 203 - 190 

231 - 177 
1 2  - -  200 - 206 

1 0 2  - -  

Prep I and 11: Enterotoxin B; Prep 111: heated 
Enterotoxin A. 
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The effect on plasma fibrinogen concentra- 
tion of monkeys challenged with enterotoxin 
by different routes was studied. Essentially 
the same elevation as in rabbits occurred in 
2 monkeys given intravenous threshold emetic 
doses of Prep I. The fibrinogen titers were 
2.5 and 2.6 times greater than the pre-injec- 
tion levels 24 hours after enterotoxin. Intra- 
gastric administration of enterotoxin near the 
minimal emetic dose produced no significant 
rise of plasma fibrinogens in 6 monkeys; 3 
of these animals vomited to enterotoxin chal- 
lenge. However, when large doses (50 and 
70 times the estimated minimal emetic dose) 
were fed, the titers were 3.2 and 2.4 times 
higher than control values. 

Heparinized plasma obtained from rabbits 
injected 2, 4 and 6 hours previously with 
enterotoxin did not precipitate when held in 
an ice-water bath for 2 hours. Two rabbits 
were tested at  each time interval with doses 
of 100 and 50 pg/kg for the 2 Enterotoxin B 
preparations and 50 and 25 pgJkg for the 
heated Enterotoxin A. Maximum quantity of 
heparin-precipitable fibrinogen occurs 2 to 4 
hours after injection of endotoxin (8) .  The 
plasma of rabbits administered E .  coli LPS 
gave positive reactions at  3 hours post-chal- 
lenge with 5 pg (3 of 3) and occasionally a t  
1 &kg (1 of 4). Of the total of 6 rabbits 
tested with the higher dosages of each of the 
3 enterotoxic preparations, one plasma sam- 
ple gave a strong and another a doubtful re- 
action when the plasma was obtained 24 hr 
after enterotoxin challenge. 

A fall in the 5-hydroxytryptamine concen- 
tration of blood was initially observed in 
rabbits given intravenous injections of highly 
purified staphylococcal enterotoxin. Since the 
serotonin of blood is carried by the blood 
platelets( 14), it was not surprising to find 
that the depression of serotonin concentration 
corresponded to a fall in blood platelet counts. 
Representative results with Prep I are pre- 
sented in Table 11. 

Heated Prep I11 produced similar effects. 
The initial precipitous decrease in circulating 
platelets after bacterial endotoxin( 6,7) was 
not observed with staphylococcal enterotoxin. 
The maximum thrombocytopenia occurred 

TABLE 11. Thrombacytopemia and Decreased 
Blood Serotonin (Percentage of Pre-injection 
Level) After Intravenous Injection8 of En'tero- 

toxin Prep I. 

Enter otoxin, Hr after enterotoxin 
@/kg 4 18 24 30 48 

Saline Platelet 97 98 95 103 92 
Serotonin 102 97 98 98 97 

10 Platelet 85 61 37 34 48 
Serotonin 7 1  59 42 39 59 

1 Platelet 79 69 58 66 77 
Serotonin 82 64 64 70 83 

.5 Platelet - 67 57 61 85 
Serotonin 93 70 62 69 98 

around 24 hours post-enterotoxin. No indica- 
tion has been obtained that enterotoxin re- 
leased serotonin from rabbit platelets in 
vitro. 

Although not obvious from the Tables, the 
degree of hyperfibrinogenemia and thrombo- 
cytopenia may not be dose related. The mag- 
nitude of the changes was not necessarily 
greater with the larger doses of a given en- 
terotoxin preparation when a certain dosage 
was exceeded. 

Discussion. Hyperfibrinogenemia and 
thrombocytopenia induced in rabbits are fur- 
ther similarities in the biological responses 
evoked by both staphylococcal enterotoxin 
and bacterial endotoxin. Although these 2 
responses elicited by the 2 toxins are super- 
ficially alike, the time sequences are suffi- 
ciently dissimilar to indicate that they result 
from the action of 2 different agents. More- 
over, enterotoxin does not stimulate the ap- 
pearance of the heparin-precipi table fibrino- 
gen at the time optimum for demonstration 
of this phenomenon with endotoxin. 

The small dosage of essentially pure entero- 
toxins that is effective is good evidence for 
the enterotoxin basis of the present observa- 
tions. The good correlation between the rela- 
tive potencies of these and similar entero- 
toxin preparations as emetic agents (i.g. 
route) for monkeys and as agents' sensitizing 
mice to LPS(5) supports this conclusion. 

The activity of the heated Prep III in 
these experiments is greater than would be 
surmised from the i.g. emetic potency for 
monkeys of the unheated enterotoxin. Limited 
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experience suggests that heating of this par- 
ticular enterotoxin sample increases its activ- 
ity for the parenteral route. 

Hyperfibrinogenemia is an indication of 
either increased fibrinogen synthesis by the 
liver, decreased removal from the circulation, 
or both. The possible role of the clearance 
mechanism in the present observation is sug- 
gested by the increase in sensitivity of mon- 
keys to i.g. administered enterotoxin after 
reticuloendothelial system blockade( 4). On 
the other hand, the increased plasma fibrino- 
gen may represent a more non-specific re- 
sponse of the animal to the stress of the 
toxic actions of enterotoxin. Hyperfibrino- 
genemia occurs in animals and man subjected 
to many conditions of stress ( 1  1). 

Increased utilization or removal of blood 
platelets from the circulation related to vas- 
cular damage( 1 5 )  may play a role in the 
shock syndrome observed after i.v. injections 
of large doses of staphylococcal enterotoxin. 

The renal cortical necrosis of the general- 
ized Shwartzman phenomenon is a rare wcur- 
rence using enterotoxin as both the sensitiz- 
ing and provocative doses. Failure of staph- 
ylococcal enterotoxin to stimulate the appear- 
ance of the heparin-precipitable material at 
optimum time for demonstration of this re- 
sponse with bacterial endotoxin may be the 
explanation. An important role in this phe- 
nomenon has been ascribed to this altered 
fibrinogen( 16) .  

Summary. Parenteral injection of staphylo- 
coccal enterotoxin increased plasma fibrino- 
gen levels of rabbits and monkeys. The max- 
imum titer of between 2 to 3 times the pre- 
challenge concentration was attained in 24 
hours after enterotoxin administration. En- 
terotoxin also depressed the blood serotonin 
concentration of rabbits. This drop in blood 

serotonin corresponded to the decrease in 
number of circulating blood platelets. Both 
antigenic types of enterotoxin tested induced 
hyperfibrinogenemia and thrombocytopenia. 
The dosages required to induce a significant 
change in these two responses was close to 
the minimal emetic dose for monkeys by the 
intravenous route. 
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