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In recent years, considerable success has been achieved in the study of staphylococcal enterotoxln. How- 
ever. hhe mode of action of the toxin has been comparatively little investigated. 

]. Lavergne, J. C. 8urdin and J. Somme!et [4] concluded from exvrlments on two cats that there was no 
sympa t.hotropic action. 

M. 8ayliss [3] suggested that the direct action of the ~xht on t~he peripheral nervou~ system was of consider- 
ably greater importance in ,.he etiology of vomiting than was any direct action on ~he vomiting center. 

J. P.lchmond and C. Reed [5], fn their experiments on lvolated sections of r~bbft,intestine, concluded that 
~e  staph)'Iococcal ente~otoxin exerts a di,'eet ~.ctfon o.1 the smooth muscIe of the intestine. 

Our o~ervadons were made on cats, kit*.em, and p~pple~ which were given filtered extracts of the toxin 
intravenously, per os, and lntraFeritoneally; this cau.~ed gas~ointes~nal di.qurbance (diarrhea ;rod vomiting) as 
well as central nervous effect, (staggering gait, ~emor, convuhlons). 

These observations were o~t surdag point in the inve,tigation of the mode of action of enterotoxin ill- 
trates. We therefore carried out ~eve~al experiments on adult cat~ under u~e~ane anes~eda and with no inter- 
ference to the nervous connecdonL Al.~ogebher, we investigated 51 cats varying in weight from 2,200 to 4,000 
gr~.m g. 

Flluates of the entemtoxln were taken from staphylococcal sttalns which were effectiw In producing dqe 
gas~ointesttnal syndrome in eats, kittens and puppies. 

EXPERIMENTAL METHODS 

The method of preparing the ente~otoxin filtrate was ~s follows. A 24-hour agar culture of the staphylo- 
coccus, known to produce the entetotoxln, was transplanted to a nut~tent medium and incubated in a thermostat 
for three days. An amount of CO, equal to 25-30% of the volume of the. vessel was Introduced dally, On the 
fourth day the culture was filtered d~ough a sterile steatite filter. In order to destroy the thermolablle hemolysin, 
the lethal filtrate of the toxln was heated for 30 minutes in a bath of boiling water, In order to exclude any 
effect of the nuultive medium, we cazried out a conuol experiment tn each group, using uninfected medium. 

In the first experiments, we steadied the effects of ~e  filtsates on the 8as~olntestinal motility of the cat 
In siva. 



The experiment, we=e car out at follows (udng the prl~clple ()f N. P. Htkolaev a! modlflF~ by ~he 
departing.at of Pharmacology of the kvov Medical Institute). A laparotomy wa~ performed under ureth~l~e a~e~ 
theda. After we cut the omentmn and placed ligatures on the greater curvature of the ,tomneh, small, l.nd 
large late,tines, we introduced a glas, cylinder (13 em long and 7 cm In diameter~ open at both ends) tn~o the 
peritoneal cavity. The cylinder wa, held In ~ vertical Po,ltlon I n ,  holder, and 100-150 ml of Ringer-Locke 
~olutlon heated to 88-3~C wa~ poured through Its upper end Into the peritoneal cavity, Each of the three liga- 
tures from tha stomach, m~all, and large intestine wer, e brought to the out~tde and connected to the recording 
~),,tem. The conttactiom were recorded on ordinary paper by gla~s Ink recordeu attached to lever,, 

After recording the normal contractions of the ~tomaeh and Intestine,~ 2 ml pe r l  kgo[ the filtrate were 
given lnuavenou~ly, but the amount was not allowed to exceed 6 mL 

EXPERIMENTAL RESULTS 

Twenty-one ext~erlmenu on the effect of staphylococcal enleroto• filtrates on gastric and Intestinal 
motlllty were carried out.  A record was made of the changes In motility of the stomach and Intestine as affec- 
ted by the ~taphylococeal enterotoxtn flluate. Injection of the filtrate caused an Increase In gastrointestinal 
actl~lt,/. 

Fig. 1. The effect of ~taphylococcal e~,teroto• filtrate (strain No. 1594) oa the mo~l l~  
of stomach and ',~testine In the cat. Shows Increase In contraction, and tone. 

The effect on both tone and rate of conuac~on is shown In Fig. 1. 

In six control experiments with flluates from u~lhafected media and from nontoxic strains of ~taph~clocoe- 
cut, there was no effect on the motility of the stomach or small Intestine. In the experlmet:ts on the effect of 
the medhtm, there wa: a reduction in tone of ff.e large Intestine. and In two e• the gasu[c tone wnl 
aho reduced. 

Hav!ng established the effect of the filtrate on the motility of d~e gastrointestinal tract, we then studied 
i~ac f lon  on the stomach and Intestine after their motility had akeady been reduced by other mear~. For rhll 
purpo~ we used a~enalln,  atropine, and papaverlne. 

After the motiII W of the Intestine had been reduced In d~is way, the enterotoxln filtrate was given lnua-  
venously. Altogether. 17 experiments were carded out. 

In adren~!la-treatedanlmah, lnuavenous Injections of entetotoxln filtrate caused an Incsease In tone of all 
patu of the gastrointestinal tract. There was an Increase In the motility of the small and large Intestine. In 
anlma!s ~hlch had beer. ueated with papaverlne, there was a ~mall 'increase In tone of nil paru after enterotoxtn 
filtrate was given. After atropine administration, the elfect of enterotoxln filtrate was much less marked. There 
was ~ometlmes a small effect on the large Intestine. 

For a more complete Investigation. we carried out experlmenu with enterotoxln filtrates on spinally tran. 
sected anlmah.  Seven of these experiments were performed. 
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Titese gav~ dmlla ,  resul~a, ttowever, spinal ~ectton cau,ed a cot~tderable change in the ~hy~hm of the 
r there being ~ greater chang~ in d~e actual contraction movement titan ltl the re~axation. 

Finally. we ~tudled the effect of "pure" enterotoxln filtrates on Isolated tecttons of cat and ~abblt lnteJtlne 
both with and without preliminary treatment with adrenalin and g~ergen,  or with chollnergic substanceJ such al 
atro.pin~, pylocarp|ne, and carboeholln,. 

The~r experiments showeg that the staphylococcal enterotoxln filtrate increases the motility of isolated 
gut sections, increasing the tone, amplitude, ~nd freauency of the contraction. Thus, there was an lnedea,e in 
tone 121 47 out of 50 experiments, an increase in amplitude in 42, and an Increa,e in hequency In 2 ' /experl .  
merits. The control experiments ,hewed that the effect of the sterile medium is to reduce the tone as well as 
the amplitude and frequemcy of the r 

Fll~a~es of  ttontoxlc staphylococcal cultured and filtrates of sterile media also reduced the motif[t), of 
i~Ia ted  ~2ct~ora of Intestine (Figs. 2, 3). 

fourteen experimenu were carried out to find the effect of enterotoxln filtrates on l~olated sections of  
ln t e~ne  wbJch had been pre~ioutly treated with adrenalin. After recording the normal con~racdonl of a strip 
of cat Intestine. 1-3 dropsof0.1~7.~adrenalln In 100 grams of Tyrode ~olution were introduced. After 10-15 
minu te .  3 r~l of enteromxin ~luate was added. 

T'~ese experiment~ showed that the effect of the enterotoxin filtrate on a toneless loop of small intestine 
was to re,tore the ~ne and to Increavt the frequency and amplitude of the contractions. 

In furdaer experime~'.~ adrenalin was added after the enterotoxln. When thl, was done r~he adrenalin failed 
ro produce a complete relaxation. 

Fig. 2. Reaction of Isolated strip of sma~ intestine to staphylococcal enterotoxin filtrate 
(strain No. 1197), t/me Interval, 20 ,.econds. 

Fig. 3. Aboti~/on of motility after the addfrJon to a strip of ~mall tntcsdv.e of a non- 
enterotoxie staphylococcal filtrate (strain V4D-46), experiment No. 158. Time iritervals, 
20 ~econds. 

Nia~eteen experimen~ were grranged to Investigate the action of s~aphylococcal enterotoxln filtrate on 
I~oIated strips of ~ e  small InL.stine of a cat already stimulated by gynergen. These experime.'lt, showed that the 
entcrotoxtn caused a fmther Increase of tone and frequency of contraction over .and ~ o v e  that cau,.ed by the 
g:~'r~ergen. 

ga 18 experiments with atropine, it was ,hewn that this drug considerably reduces the stimulant effect of 
the eaterotoxin on l~olated ltrips o,* small intestine. The addidon of the enterotoxln after a~oplne reduced th, 
tone. amplitude, and frequency of the contractions. In 14 experiments, after stimulating the motility of strips 
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of rabbit m~all intestine with the cnterotoxin, we added ~htee drops ~f a 0. .~  solution of a~opme, The auopine 
caused a con.dderable reduction in t~ne and In die amplitude o[ tile ~ontzacttoll., which had been Increased b X 
the action of the e,~terotoxln, 

The following 43 experiments were carried out with pllocarplneand carbochollne.After the stimulant action 
of pilocarplne, the addition of cnt-.rotoxln filtrate had no clear effect, and in half of the experhnent8 there was 
even some reducdon In the atnplltude of the contractions. Similar effects were noted with carbochollneffhut In 
experhnenta the typical stimulant effect of the entetotoxin filtrate was not shown. 

Our experiments showed, therefore, that the staphylococcal enterotoxin filtrate applied to cats In sftu hact 
a stimulant effect on gastrointestinal motility. The effect was shown most strongly in the large intestine, lest 
strongly In die small intestine, and least of all ht die stomach. 

It was established that there was an Increase In the tone of the smooth mu~ ~e of the gut In animals pre- 
viously treated with adrenalin and papaverlne. Some reduction In motility was found In anlmtls treated with 
atropine. The Increase In smooth muscle tone caused by the enterotoxln In adrenalin-treatedanlmals shows ".hat 
the adrenerglc nerve fibres of the intestine play hardly any part In this act:ton. 

The absence of any Increa~ in smooth muscle tone !n anLmals receiving the enterotoxln after preliminary 
treatment with atropine, shows that the ente~otoxln ,.an stimulate the chollnerglc nerves. The same conclusion 
applies In the case of the animals treated with papaveffme. 

The increase In the motility of stomach and Intestine resulting from rJ~e entero~xLq applied to anlwTh 
after spinal ~r confirms the cholinergic nature of the action. Experiments with Isolated strips of intestine 
show that the enterotoxin directly increases the motility. This effect is less clearly shown with atropine, and 15 
reduced by subsequent application of the latter. Sympathotropfc substances do not change d~e above reaction. 

The effect is progressively less in the large intestine, small intestine, and stomach, respectively. 

Thu~ sympathomlmetir substances have no effect on the ,~ensittvlty of die animal to the ~taphylococcal 
enterotoxln. 

The effect of the enterotoxIn is mediated by ch~!lnergle nerves, and is s.hown by an increase In the musct~lar 
tone of the intestine and by a reduction ~n this reaction it, at~op!nized animals, as well As by a reduction in tone 
when atropine is given after the enterotoxln. 

SUMMARY 

It was estabii.qmd in experiments on cats in situ that enterotoxin excites the motor activity of o .~ns  of the 
gastrointestinal tract. The most pronounced reaction to staphylococcus entcrotoxin occurred in the large in~e~ttne, 
then the small intestine ; ,d .,tomach respectively, Pharmacological substances which enhanced the sympathetic 
reactions had no effect on the sensitivity of the animal to staphylococcus entero:oxin. Experiments were carried 
out to study the effect of enterotoxie staphylococci oa the motor activity of the isolated strips of ~P.~II intestines 
of cats and rabbits. It was shown r~h~t enterotoxln excited ~ e  motor activity and increased the tonus, amplitude 
and frequency of contractions, On the basis of these experiments it may be suggested ~a t  st~phylococctts entel'o- 
toxin posse.~es a choltnerglc'effect, 

l;5-W~st a n, 
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