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Influence of staphylococcal enterotoxin on water
and electrolyte transport in the small intestine
J. ELIAS AND R. SHIELDS

From the Department of Surgery, University ofLiverpool, Liverpool

SUMMARY The direct and indirect effects of staphylococcal enterotoxins A and C on the flux of
water, sodium, and potassium have been studied in paired Thiry Vella fistulae in dogs. Admini-
stration of toxin resulted in a significant decrease in absorption, both in the loop to which the
toxin had been administered and its pair. This decrease in absorption was associated with a decrease
in movement out of the lumen, movement into the lumen remaining relatively unchanged. The
mechanism of action of staphylococcal enterotoxins is discussed, and comparisons made with other
enterotoxins.

Staphylococcal enterotoxin has been implicated in
two types of gastroenteritis-staphylococcal food
poisoning, after the ingestion of preformed toxin,
and staphylococcal enterocolitis in which the bowel
is colonised by the organism, the toxin being pro-
duced locally.

Enterotoxin, whose existence was postulated in
1912 (Barber, 1912) was first demonstrated in 1929
(hDack et al., 1930) and purified in the 1960s. Five
types of enterotoxin, designated A, B, C, D, and E,
have been described and classified according to
their precipitin reactions with specific antitoxins
(Casman et al., 1963; Bergdoll et al., 1965; Casman
et al., 1967; Bergdoll et al., 1971). These are simple
protein molecules (with a molecular weight around
30000) which show serological specificity and lack of
cross-neutralization, although one strain of Sta-
phylococcus aureus can produce more than one type
of enterotoxin.
The clinical effect of staphylococcal enterotoxin is

diarrhoea, which may on occasion be so profuse as
to produce a clinical picture like cholera (British
Medical Journal, 1971). In view of the current
interest in the effect of bacterial toxins upon intestinal
absorption (Low-Beer and Read, 1971; Banwell and
Sherr, 1973; Sladen, 1973), we decided to study the
action of staphylococcal enterotoxin upon the
intestinal absorption of water and electrolytes in
dogs. Enterotoxins A and C were used, enterotoxin
A being the one most often isolated from staphylo-
coccal-induced food poisoning in humans (Casman
et al., 1967).
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Methods

Paired Thiry Vella fistulae of eitherjejunum (approxi-
mately 16 cm long) or ileum (approximately 22 cm
long) were prepared in healthy beagle dogs weighing
7-16 kg and freed from intestinal parasites. Con-
tinuity of the intestine was restored by end-to-end
anastomosis, and the ends of the loops were exteriori-
sed on the abdominal wall. The dimensions of each
fistula were such as to obtain a serosal surface of
approximately 100 cm2.

Tests were conducted under general anaesthesia,
using intravenous pentobarbitone (30 mg per kg body
weight), to minimise variations induced by extra-
neous or emotional factors. Pentobarbitone has been
shown not to affect rates of absorption of water and
electrolytes (Code et al., 1960).
The rates of absorption and secretion of water,

sodium, and potassium were then measured in these
loops using the technique described by Shields et al.
(1966). In brief, a multiperforate catheter was
inserted along the fistula, the ends of which were
sealed by ballons carried on the catheter. An initial
volume of 25 ml modified Tyrode solution (Code and
McIntire, 1956) (see Appendix) containing radio-
active isotopes of sodium, (Na24 2 mc per litre soln),
potassium, (K42 4 mc per litre soln), and the stable
isotope of water, deuterium oxide, (D20 1% W/I)
was instilled into the loop. At the end of 10 minutes,
as much as possible of the solution was removed by
aspiration, and the loop rinsed with 100 ml non-
radioactive Tyrode solution.

In each of the paired Thiry Vella fistulae, two
absorption tests were carried out at an interval of
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one hour. At the end of the second test, either toxin
solution or control solution was introduced into one
loop of the pair and allowed to remain for an hour,
when any residual solution was removed by aspira-
tion and by rinsing. Absorption tests were then
performed in both loops of the pair, and repeated
one and two hours later. During the time that one
loop of thepair contained eithertoxin or control solu-
tion, an absorption test was performed in the other
loop. The protocol of the experiment is shown in
Fig. 1.
The toxins used in this study were staphylococcal

enterotoxins A and C obtained from Professor M. S.
Bergdoll in the University of Wisconsin. The toxin
had been purified by chromatography and gel filtra-
tion and the toxicity determined in Rhesus monkeys.
The specificity of the toxin-antitoxin reaction had
been determined in gel diffusion plates (Bergdoll et
al., 1965).
Toxin was employed in the dose range of 5, 10, 20,

40, and 80 mg. All doses were prepared in 2 ml distil-
led water, control specimens containing distilled
water only. The design of the experiment was such
that an independent observer prepared and coded
the samples of both toxin and distilled water, while
the experimenter was unaware of the nature of the
solution under test until the completion of the
programme.

In the test solution, and in the aspirate, the con-
centrations of sodium and potassium were estimated
by flame photometry; the activities of radioactive
sodium and potassium by simultaneous differential

counting (Veall and Vetter, 1958) in a well type
scintillation counter; and the concentration of
deuterium oxide by infra-red spectrophotometry
using a modification (Shields et al., 1966) of the
method of Berglund-Larsson (1956). The radio-
activity acquired by the rinsing solution gave a
measure of the volume of test solution which was
not removed in the initial aspiration.
The rates of net transport and of unidirectional

fluxes of water, sodium, and potassium were then
calculated using previously described formulae
(Shields et al., 1966). The assumptions and errors of
the method have already been considered in the same
article.

In this paper, unidirectional flux will be referred to
as the movement into or out of the lumen. When the
resultant, or net, transport is in the direction out of
the lumen, absorption is said to occur. The converse
situation is referred to as secretion.

Results

COMPARISON OF ENTEROTOXIN A AND
ENTEROTOXIN C
Enterotoxins A and C were studied separately and
their effects assessed at all dose levels. Both toxins
affected the transport of water, sodium, and potas-
sium equally, there being no significant difference in
the magnitude of response. Therefore, in further
analysis of the results, the rates calculated after the
administration of toxins A and C were pooled.

LOOP LOOP
A B

0 ITEST I 1 fITESTI VI
lhr 2 TET

3 ITEST]
2hr ITEST 4 LESTI

3hr ITESTI 5 TEST

4hr ITESTI 6 TEST

PREPARED
SOLUTION

Fig. 1 Protocol of experiment
illustrating timing ofabsorption tests in
paired Thiry-Vella fistulae.
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Influence of staphylococcal enterotoxin on water and electrolyte transport in the small intestine

DIRECT EFFECT OF STAPHYLOCOCCAL
ENTEROTOXIN UPON ABSORPTION
1. Jejunum (Table 1)
a. Net transport There was no statistically signifi-
cant difference between the rates of net transport
calculated for the first two absorption tests before
the instillation of toxin. These results have therefore
been pooled to give basal rates before toxin (pre-
toxin rates). In each loop, water was absorbed at a
mean rate of 2-7 ml per 10 min, sodium at a mean

rate of 457 ,uEq per 10 min, and potassium at a mean
rate of 7 ,Eq per 10 min.
The effect of the toxin on absorption was deter-

mined by using paired Student's t test to compare
flux in any one loop before and after instillation of
the toxin (or distilled water as control).

After toxin had been instilled, the rates of absorp-
tion of water, sodium, and potassium were reduced,
and in some cases a net secretion observed. In
contrast, after the instillation of the control solution,
there was no significant change in ratesof absorption.

The effect of toxin was clearly maximal at the time
of the first test after the toxin had been withdrawn
from the loop, and the effect continued to be present
over the period of the next two tests (Table 1).

After toxin, water was absorbed at a mean rate of
0-6 ml/10 min, a reduction of 2-1 ml/10 min from the
pretoxin rate. Sodium was absorbed at a rate of 100
,uEq/10 min, a reduction of 357 ,uEq/10 min, and
potassium was secreted at a rate of 1 ,uEq/10 min, a
reduction of 8 ,uEq/10 min. These changes in the
rates of net transport of water, sodium, and potas-
sium were statistically significant (p < 0001). In
contrast, the mean reduction in the rates after the
instillation of control solution were 0 39 ml/10 min
for water, 83 ,uEq/10min for sodium, and 2 ,uEq/10
min for potassium. None of these changes was

statistically significant.

b. Unidirectional flux (Table 2) Because there was

no significant difference in the unidirectional flux
when the two pretoxin tests were compared in each

Table 1 Comparison ofrates of net transport ofwater, sodium, and potassium in jejunal loops containing toxin and
control solutions (mean of 16 results)

Substance, test Pretoxin Post-toxin

1 2 4 5 6

Water
(ml/10 min)
Toxin 2-4 (0 4) 2-9 (0 4) 0-6 (0 3) 0-8 (0 3) 0-6 (0 4)
Control 1-8 (0 4) 1-6 (0 3) 1-5 (0 3) 1-4 (0 4) 1-4 (0 3)

Sodium
(sEq/10 min)
Toxin 448 (60) 468 (46) 63 (51) 140 (42) 97 (55)
Control 352 (40) 358 (62) 250 (48) 281 (63) 288 (41)

Potassium
(gEq/10 min)

Toxin 6 (2) 9 (2) 0 (2) 2 (2) -1 (1)
Control 5 (3) 6 (3) 3 (4) 4 (4) 5 (3)

Standard error in parentheses.

Table 2 Effect of toxin on bidirectional fluxes of water, sodium, and potassium in jejunal loops (mean of16
results)

Substance, direction Absorption tests

Pretoxin Post-toxin

1 2 4 5 6

Water
(ml/10 min)

Into lumen 7-5 (0 5) 7-8 (0 5) 7-7 (0 5) 7 0 (0 5) 6-6 (0 4)
Out of lumen 10-0 (0-7) 10-7 (0-8) 8-2 (0-8) 7-8 (0 6) 7 0 (0-3)

Sodium
(t&Eq/10 min)

Into lumen 487 (46) 494 (48) 669 (32) 474 (28) 498 (28)
Out of lumen 930 (100) 974 (67) 749 (55) 614 (61) 588 (49)

Potassium
(tEq/10 min)

Into lumen 18 (6) 18 (5) 17 (6) 18 (4) 24 (6)
Out of lumen 24 (7) 27 (6) 16 (5) 19 (5) 22 (7)

Standard error in parentheses.
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dog, these rates were pooled. The mean rate of water
movement out of the lumen was 10-4 ml/10 min, and
7-6 ml/10 min into the lumen. The mean flux of
sodium out of the lumen was 951 ,Eq/10 min, while
490 ,uEq/10 min moved into the lumen. The mean

potassium flux was 26 ,uEq/10 min out of the lumen,
and 18 ,Eq/10 min into the lumen.

After toxin had been instilled, the flux of all three
substances out of the lumen was markedly reduced,
while movement into the lumen showed little change
in rates. The mean flux out of the lumen during the
post-toxin period for water, sodium, and potassium
was, respectively, 7-6 ml/10 min, 601 uEq/10 min,
and 19 ,uEq/10 min. The changes in flux out of the
lumen were statistically significant (p < 0 001). The
flux into the lumen for each of these substances was
7 1 ml/10 min for water, 485 ,uEq/10 min for sodium,
and 19 ,uEq/10 min for potassium. These rates have
not changed significantly from pretoxin values.
Moreover, there was no significant change in the

J. Elias and R. Shields

flux of these substances, in either direction, after the
instillation of control solutions.

2. Ileum
Under basal conditions, the mean rates of absorption
were 3l3 ml/10 min for water, 504 ,uEq/10 min for
sodium, and 3 ,uEq/10 min for potassium.

After the instillation of toxin, absorption was
reduced in all three tests (Table 3). Water was

absorbed at a mean rate of 0-8 ml/10 min (a mean
reduction of 2-5 ml/10 min), sodium at a mean rate
of 117 ,Eq/10 min (a reduction of 387 pEq/10 min),
and potassium was in fact secreted at a mean rate of
4 ,uEq/10 min (a reduction in rate of net transport of
7 ,uEq/10 min). These changes in net flux were all
statistically significant.

Consideration of the bidirectional fluxes showed
that the mean effect of the toxin was to reduce the
flux out of the lumen (Table 4). The reduction in flux
of water was 2-4 ml/10 min, of sodium 321 ,uEq/10

Table 3 Comparison of rates of net transport of water, sodium, andpotassium in ileal loops containing toxin and
control solution (mean of 19 results)

Substance, test Pretoxin Post-toxin

1 2 4 5 6

Water
(ml/10 min)
Toxin 3 5 (0 4) 2-8 (04) 1-2 (0 4) 0-8 (04) 0 5 (0 3)
Control 2-1 (10) 19 (10) 10 (09) 11 (09) 1 1 (08)

Sodium
(uEq/10 min)

Toxin 562 (86) 448 (72) 204 (86) 97 (73) 58 (53)
Control 457 (220) 400 (218) 303 (242) 255 (232) 212 (194)

Potassium
(gEq/10 min)
Toxin 3 (3) 4 (2) -2 (3) -4 (3) -5 (3)
Control 2 (5) 2 (6) 3 (4) 2 (4) 0 (4)

Standard error in parentheses.

Table 4 Effect of toxin on bidirectional fluxes of water, sodium, andpotassium in ileal loops (mean of 19
results)

Substance, direction Absorption tests

Pretoxin Post-toxin

1 2 4 5 6

Water
(ml/10 min)

Into lumen 9 0 (0 7) 9-2 (0 6) 9 3 (0-7) 9 1 (0 5) 8-8 (0 4)
Out of lumen 12 4 (0-9) 12-0 (0-8) 10 5 (0 9) 9-9 (0 8) 9-3 (0 6)

Sodium
(stEq/10 min)

Into lumen 546 (82) 585 (56) 676 (77) 639 (67) 658 (76)
Out of lumen 1110 (99) 1036 (91) 808 (85) 734 (76) 715 (67)

Potassium
(,uEq/10 min)

Into lumen 29 (4) 28 (5) 22 (3) 22 (4) 26 (4)
Out of lumen 32 (5) 32 (5) 22 (5) 19 (3) 22 (4)

Standard error in parentheses.
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Influence of staphylococcal enterotoxin on water and electrolyte transport in the small intestine

min, and of potassium 11 ,uEq/10 min. These changes
in flux out of the lumen are statistically significant
(p < 0-001). Flux into the lumen showed little
alteration.

3. Relationship ofdose to effect oftoxin
The lower doses, 5 and 10 ,ug toxin, did not pro-
duce as marked an effect on net transport and flux
out of the lumen of the three substances as the higher
doses, but otherwise the influence of toxin on absorp-
tion was not dose related. For example, Fig. 2 shows
the effect ofvarying doses of toxin on water transport.

REMOTE OR INDIRECT EFFECT OF
STAPHYLOCOCCAL ENTEROTOXIN UPON
ABSORPTION
When absorption tests were carried out in the one
loop, into which either toxin or control solution had
been instilled, identical tests were also carried out at
the same time in the paired Thiry Vella fistula, to
determine if enterotoxin could affect absorption else-
where in the intestine. An additional test was also
carried out in the loop, during the period that its pair
contained either toxin or control solution (Fig. 1).

1. Jejunum
When the results that were obtained before and after

enterotoxin had been instilled into the paired loop
were compared (Table 5), a significant reduction in
the rates of absorption of water was seen (p < 0 05).
Similar results were also observed for sodium and
potassium. However, the magnitude of the effect was
small, and no significant changes occurred in the
bidirectional flux. Also no significant change in
fluxes occurred in the remote loop when distilled
water as control was instilled into the other member
of the pair.
Because the remote effect of enterotoxin may be

related to the dose of toxin instilled into the intestine,
the results from tests after toxin in the dose range of
40 and 80 ,ug were considered separately. In all these
tests, a significant fall in the rates of absorption of all
substances was evident and was accompanied by a
significant decrease in flux out of the lumen in the
tests conducted one hour after the toxin had been
instilled into the paired loop (p < 0-01). In the tests
at two and three hours after the instillation of toxin,
there was an obvious reduction in absorption and
flux out of the lumen, but not to statistically signifi-
cant levels.

2. Ileum
Enterotoxin instilled into one loop of ileum signifi-
cantly altered the rates of absorption and of flux out
of the lumen of the other member of the paired loop

Test

_. 5Sug

*

toxin

Change in net absorption Change in flux out of the lumen

Fig. 2 Decrease in absorption andflux out of the lumen produced by different doses ofstaphylococcal
enterotoxin.

A
Water
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(Table 6). (These results are shown for water only,
but sodium and potassium behaved similarly).
The effect was apparent in all tests, even those

conducted when toxin was present in the other loop.
The reductions in the rates were highly significant
(p < 0O001) and the magnitude of the effect was seen
to be related to the dose. There was no change in
fluxes in the remote loop when distilled water had
been instilled into the other member of the pair.

RELATIONSHIP OF WATER AND ELECTROLYTE

MOVEMENT
In each experimental situation, the absorption or
secretion of water and sodium appears to be closely
related when the rates of net transport of sodium are

plotted against those of water (Fig. 3).

Discussion

In these experiments staphylococcal enterotoxin A
and C have been shown to reduce net transport of
water and sodium in the canine jejunum and ileum.
The most marked effect was upon the rate of water
absorption, which was invariably reduced and in
some experiments converted to net secretion.
Shemano et al. (1967) have demonstrated marked
depression in intestinal tone, contractility, and transit
along the intestine, after the instillation ofenterotoxin
into a Thiry Vella loop. Diarrhoea and vomiting
were observed in their animals, and they suggested
that these clinical effects were brought about by the
effect of the toxin on water flux. The present experi-
ments suggest the diarrhoea and consequent bio-

Table 5 Flux of water in jejunal loops when paired loop had been instilled with toxin (16 results all doses, six
results 40 and 80 jsg)
Substance, direction Absorption tests

Pretoxin Toxin Post-toxin

1 2 3 4 5 6

Water
(ml/10 min) all toxin doses

Net 2-1 (04) 21 (04) 1-1 (04) 15 (03) 1-6 (03) 1-6 (03)
Into lumen 7 5 (0 8) 7 1 (0 8) 8-3 (0 7) 7-5 (0 8) 7-5 (0 9) 7 9 (0 7)
Out of lumen 9 5 (0 9) 9-2 (1-0) 9 3 (0 9) 9-0 (0 8) 9.1 (0 9) 95 (0 9)

Water
(ml/10 min) 40 and 80 ,ug
toxin
Net 2-7 (0 6) 2-6 (0-7) 2-2 (0 6) 1-6 (0 5) 1 9 (0-7) 1-8 (04)
Into lumen 8-9 (1-4) 8-9 (1-3) 9 3 (1-2) 8-4 (1-8) 8-5 (1-5) 9-0 (1-4)
Out of lumen 11-6 (1 5) 11-6 (1-7) 11-0 (1 9) 10-0 (1 9) 10-4 (1 9) 10-8 (1 9)

Standard error in parentheses.
Pretoxin results were calculated from tests carried out before toxin was instilled into other loop.
Toxin results were calculated from tests when the toxin was contained in the other loop.
Post-toxin results were calculated from tests carried out after toxin had been withdrawn from the other loop.

Table 6 Flux of water in ileal loops when paired loop had been instilled with toxin (19 results for all doses; 10
results S and 10 p,g; nine results 20, 40, 80 psg)
Substance, direction Absorption tests

Pretoxin Toxin Post-toxin

1 2 3 4 5 6

Water
(ml/10 min) all doses
Net 3.0 (0.4) 2-1 (0.3) 1-2 (0.4) 1-2 (0 3) 1-0 (0 3) 0.7 (0 3)
Into lumen 7-6 (0-7) 8-0 (0 6) 8-3 (0 7) 8-0 (0 6) 7-8 (0 5) 7-9 (05)
Out of lumen 10-6 (0 8) 10-0 (0-7) 9-5 (0-7) 9-3 (0 7) 8-7 (0-6) 85 (0 6)

Water
(ml/10 min) 5, 10 Mg
Net 2-1 (0 4) 1-8 (0 3) 1-2 (0 4) 1-0 (0-3) 0-9 (0 3) 0 5 (0 3)
Into lumen 7-6 (0 7) 7-5 (0 8) 7-8 (0 8) 8-0 (0-7) 7-8 (0-7) 7-7 (0 9)
Out of lumen 9 7 (1-0) 9 3 (0-9) 9 0 (1-0) 9 0 (0 9) 8-6 (0 8) 8-2 (0 8)

Water
(ml/10 min) 20, 40, 80 Mg
Net 4 0 (0 6) 2-7 (0 6) 1-2 (0 6) 1-5 (0 6) 1-0 (0 4) 0-9 (0-5)
Into lumen 7-6 (0 6) 8-0 (0 7) 8-9 (0 8) 8-0 (0 7) 7-8 (0 8) 8-0 (0 9)
Out of lumen 115 (1-4) 10-8 (1 1) 10-1 (1P1) 9-6 (1-2) 8-8 (09) 8-8 (1-0)

Standard error in parentheses.
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Influence of staphylococcal enterotoxin on water and electrolyte transport in the small intestine

WYater mi/lOmin

Fig. 3 Comparison ofnet movement ofsodium and water in the three loop situations. (1) Control (0) n = 158,
r = 0X98, H20 (ml) = 0-0062 Na (,uEq) + 0-139. (2) Toxin (0) n = 83, r = 0 97, H20 (ml) = 0-0062 Na (uEq) +
0 005 (3) Toxin in paired loop (a) n = 102, r = 096. H20 (ml) = 0-0058 Na (IAEq) + 0-111.

chemical derangementsafteringestion ofstaphylococ-
cal enterotoxin may very well be the result of an
impairment in the absorption of sodium and water in
the intestine.
Although the mean reduction in the rate of water

absorption was of the order of 3 ml/10 min, there
was considerable variation in the response to similar
doses of toxin. Such individual variation has been
noted in humans by Elek (1959) in his exhaustive
study of the staphylococcus. Thus he described one
individual as being affected by 0 25 ml toxin where
another was not affected by 30 ml. This variability in
response may be explained, at least in part, by the
appearance of antibodies whose protective action
may be effective for up to a year.
An immunological response to toxin may also

explain some of the histological effects of the toxin.
Thus, Dack (1963) mentions that pathological
changes were not found in the gastrointestinal tract
subjected to single challenge. However, a gastro-
scopic study of patients with staphylococcal gastro-
enteritis demonstrated a cycle of mucosal oedema

and hyperaemia (Palmer, 1951). These changes may
have been caused by an immunological mechanism
associated with previous exposure to the toxin or
other staphylococcal products.

Chronic adminstration of extract of enterotoxin
has been shown to produce severe ileitis with thick-
ening ofthe bowel wall and oedema (Prohaska, 1963).
In the present study, no microscopical changes were
seen in the bowel of animals examined at necropsy.
It would seem, therefore, that mucosal integrity is
maintained, at least in response to a single challenge
with enterotoxin.
The present experiments suggest that at least 20

,g toxin are required to produce a consistent
response, although some dogs give an unequivocal
response with 5 ,ug enterotoxin. In man, clinical
effects have been produced by doses of 20-25 pkg
enterotoxin B, and the same paper (Raj and Bergdoll,
1969) suggests that 1 jig enterotoxin A might cause
symptoms.
The effect of enterotoxin on remote intestine has

been convincingly demonstrated in this study. This

Sodium

.uEq,I/Omin'
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effect was more obvious in the ileum than the
jejunum. It must be emphasized, however, that
strict comparison of the response of segments at
different levels of the intestine is not justified, in
view of the difficulty in controlling such factors as
mucosal surface area, amount of toxin acting on
mucosal cells, immunological status, etc. Neverthe-
less, the local response is greater than that
produced at a distance. These observations suggest
that the main action of the enterotoxin is a direct one
upon the bowel to which it is applied.
Some interesting observations have been made

concerning the timing of the response of the gut to
enterotoxin. First, the remote effect ofthe enterotoxin
was usually seen at the time of the first absorption
test (test 3), carried out 30 minutes after the instil-
lation of the toxin into the small bowel. Second, the
effect of the toxin continued for at least two hours
after irrigation of the loop into which it had been
instilled, suggesting that either the toxin was bound
to the mucosa, or that an effect had been produced
which was not reversed by removing free toxin from
the intestinal lumen. Morris et al. (1967) followed
the distribution of 1131 labelled enterotoxin and
showed that one-third of the dose was localized in
the renal cortex in 30 minutes. This was later released
and the gastrointestinal tract, which at 10 minutes
contained only 3 % of the dose, was shown to contain
26% at six hours. Thus, the relative effects of the
enterotoxin may be apparently variable depending
on the timing of the assessment; and it may be that,
if the present experiments had been continued for a
longer period, the effect on remote intestine would
have been more marked.

In the control experiments a reduction in absorp-
tion occurred even though this did not reach signifi-
cant proportions. This may be accounted for by the 2
ml distilled water used in making up the original
preparations-distilled water has been shown to
reduce absorption (Blickenstaff, 1954), an effect
which seems to be dose-dependent (Tidball et al.,
1954).

It is possible that there is a common mode of
action of bacterial enterotoxins in producing diar-
rhoea. Differences are to be expected: thus, cholera
and E. coil enterotoxins are produced within the
intestinal lumen, whereas staphylococcal enterotoxin
is usually ingested in a preformed state. However, in
considering these three enterotoxins, many similari-
ties are apparent. The effect is produced by a sterile
dialysable enterotoxin and results in a protein-poor
solution. The mucosa of the bowel is macroscopically
and microscopically unaffected. The persistence of
the toxin action, even after irrigation, and the remote
intestinal effect demonstrated in this study for
staphylococcal enterotoxin have also been observed

with cholera enterotoxin (Serebro et al., 1968;
Williams and Dohadwalla, 1969). Striking similari-
ties in action have also been observed with E. coli
enterotoxin and cholera enterotoxins (Guerrant et al.,
1972), the main differences being in magnitude and
duration of effect. Finally, in this study it has been
shown that staphylococcal enterotoxin reduces
sodium flux out of the intestinal lumen; similarly,
present evidence is that cholera toxin and other
agents which increase cyclic AMP also affect pre-
dominantly sodium flux from the lumen into mucosa
(Field, 1971; Field et al., 1972; Nellans et al., 1974;
Powell et al., 1974).

Staphylococcal enterotoxin has not been subjected
to the same intense study as cholera toxin, and direct
evidence of its mode of action is fragmentary. Pre-
vious work (Sullivan, 1969; Sullivan and Asano,
1971) showed that there was no change in transmural
potential difference and in metabolic indices in rat
intestine subjected to staphylococcal enterotoxin B.
Cholera enterotoxin has been shown to have a major
effect on anion secretion. Since neither chloride nor
bicarbonate transport was studied in the present
investigation, nor were measurements made of pH,
PCO2, or electrical potential, interpretation of the
experimental data must be limited. Any resemblance
between the action of staphylococcal and cholera
enterotoxins remains speculative. The effect of
staphylococcal toxin is most likely to be a direct
action on mucosal transport, but a secondary effect
via alteration in blood flow and motility cannot be
excluded.
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Appendix

COMPOSITION OF MODIFIED TYRODE S
SOLUTION (Code and McIntire, 1956)

mmol/l

Sodium chloride 136-89
Potassium chloride 3.35
Calcium chloride 1-02
Magnesium chloride 0-05
Glucose 5-0
Sodium acid phosphate 0*32
Sodium bicarbonate 11 90
Hydrochloric acid approx. 1-30

to bring solution to pH 7 0

Analytical grade reagents used throughout.
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