
Immediately a f te r  application of the cu r ren t  to the pros thes i s  ceased,  a dec rease  in the t i ssue blood_flow 
to its initial level  was thus observed  compared  with its value during application of the e lec t r i ca l  potentials .  

The resul ts  of these e~periments  showed that during application of a posi t ive potential  to an e lec t r i ca l ly  
conduct ingpros thes is  ~, i .e. ,  during e lec t ro lys i s  of the s i lver  f ramework  of the pros thes is  implanted into the 
abdominal aor ta ,  the muscle t i ssue blood flow in the hind limbs of the dog increases .  After  application of the 
cu r ren t  to the pros thes is  has ended and no more  s i lver  ions enter  the blood s t r eam,  a dec rease  in the t i ssue  
blood flow to its initial values is observed.  
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E s c h e r i c h i a  c o l i  E N T E R O T O X I N  A C T I V I T Y  
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The mouse paw edema tes t  was evaluated as a means of detecting act ivi ty  of Escher ich ia  coli  
( s t ra in  P-99) enterotoxins .  The paw edema tes t  was shown to be simple,  sensi t ive,  and r ep ro -  
ducible, and to pe rmi t  de terminat ion of act ivi ty of the thermos tab le  and thermolabi le  enterotoxius  
and endotoxin. This tes t  is pa r t i cu la r ly  useful for the evaluation of endotoxin prepara t ions  in the 
course  of the i r  isolation and purification.  

KEY WORDS: Escher ich ta  coli; enterotoxin;  edema. 

To de te rmine  the act iv i ty  of enterotoxins  of Escher ichia  coli  the method of the l igated segment  of rabbit  
smal l  intestine [6] is often used. This t e s t  is somewhat laborious and its reproducibi l i ty  is low, and if con-  
ducted in para l l e lwi th  other  tes ts  (the skin tes t  or  cell  culture) it gives cont rad ic tory  resul t s .  False posit ive 
react ions  also a re  often obtained by its use [9, 13, 15]. The skin tes t  [5] is a sensi t ive tes t  for  the detection 
of the vascular  permeabi l i ty  factor  of enterotoxin,  but this is not necessa r i ly  identical with the diarrheogenic  
factor  tes ted  by the l igated intestinal  segment  method [1]. 

To assess  the act ivi ty of the cholerogen,  severa l  workers  have used the mouse, ra t ,  and golden hamste r  
paw edema tes t  [2-4, 7, 10], and in the i r  opinion it is a highly reproducible  and sensi t ive l abora tory  test .  

The object of this investigation was to study the possibi l i ty  of using the mouse paw edema tes t  to de te r -  
mine act ivi ty of E. coli  enterotoxins .  
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Fig. 1. Edema of albino mouse paws af ter  injection of concentrate of E. eo],i 
enterotoxin. Paws into which concentrate  was injected shown on left; row 1) 
whole concentrate,  row 2) diluted 1:4; row 3) diluted 1:16; row 4) diluted 1:64; 
row 5) physiological saline. Control paws shown on right. 

EXPERIMENTAL METHOD 

Eaterotoxigenic strain E. coli P-99 (O 141; K85ab; K88ab; H 4), described by Mitchell [12] and generously 
provided by him, was used. The culture was grown on Hottinger's broth (pH 7.2-7.4) for 18 h at 37~ on a 
shaker. The bacterial cells were sedimented by centrifugation (15,000g, 30 min, 4~ and the supernatant was 
used as the original preparation of enterotoxin; the original preparation was concentrated by precipitation with 
ammonium sulfate at 60% saturation. The residue was dissolved in one tenth of the initial volume and dialyzed 
against tap and distilled water  until a negative react ion was obtained with barium chloride.  This preparat ion 
was descr ibed as the concentrate.  

Pro te in  [11] and hexoses [14] were determined in the test  preparat ions .  

Enterotoxin activi ty was determined from the degree of dilatation of the ligated segment of rabbit intestine 
and by edema of the mouse paw. For the paw edema test  noninbred albino mice weighing 12-14 g were used. 
The test  prepara t ions  were injected into the pad of the right paw in 0.05 ml isotonic sodium chloride solution, 
and the leit paw served  as the control.  Paw edema was read after  48 h. The hind limbs were amputated at the 
level of the ankle and weighed on tors ion scales (Fig. 1). The degree of edema was determined f rom the differ-  
ence in weight of the right and left paw of each mouse,  af ter  which the ar i thmet ic  mean value of the edema and 
its confidence interval at P =0.05 were calculated. The following preparat ions  were tes ted as the controls :  
isotonic sodium chloride solution; l ipopolysaccharide isolated from the bacter ial  cells by the aqueous phenol 
method [16]; Hot t inger 's  broth; bovine se rum albumin. 

E X P E R I M E N T A L  R E S U L T S  

To determine the completeness  of precipitat ion of active enterotoxin by ammonium sulfate the concentrate  
and supernatant obtained after  removal  of the concentrate  f rom the original enterotoxin were tested. Contradie-  
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Fig. 2. Biological act ivi ty of f r e eze -d r i ed  p r e p a r a -  
t ions of E. coli  enterotoxin: 1) supernatant;  2) or ig i -  
nal preparat ion;  3) concentra te  a f te r  heating; 4) con- 
cent ra te  before heating. HB) Hot t inger ' s  broth; BSA) 
bovine serum albumin; PS) physiological  saline. 
Abscissa ,  dose of p repara t ion  (log mg); ordinate,  
edema of paws (log mg). 

TABLE 1. Activity of Enterotoxin Concentrate 
and Supernatant a f te r  Ammonium Sulfate P r e -  
cipitation 

�9 Protein cort- t 
~ "  ~= Edema of paws, mg 

preparation ~ g'g (~ and confidence 
b f re l after ] interval) dialysis]dialysis' l ~ t 

Concentrate ] 5600 

Supematant [ 1500 

3000 150 l 
37,5 1 
9,4 I 
2,4 ] 

170 8,5 I 

110,8 084,8--36,8) 
39,4 (45,9--32,9) 
24,0 (39,2--8,8) 
5,6 (8,8--2,4) 

7,4 (8,8--6,0) 
4,8 (l 1,5---I,9) 
~,8 (8,2--0,6) 

t o ry  resu l t s  were  obtained by the ligated intestinal segment test:  In about 50% of cases  the concentrate  caused 
dilatation of the segment of rabbit  intestine whereas  in 50% of cases  negative resu l t s  were  obtained. The super -  
natant caused no appreciable  dilatation of the segment  of intestine. In the mouse paw edema tes t ,  in which liquid 
prepara t ions  were  injected a f te r  dialysis ,  c lear  and reproducible  resul ts  were  obtained (Table 1): A sharp in- 
c r ea se  was observed in the act ivi ty of the prepara t ion  in the course  of concentrat ion with ammonium sulfate. 
Only a ve ry  small  par t  of the act ivi ty remained in the supernatant .  

Compared with the ligated segment of rabbit  intestine tes t ,  the mouse paw edema tes t  was much more  
sensit ive.  In the subsequent exper iments  the ligated segment  of intest ine method was the re fo re  not used. 

The above-ment ioned prepara t ions  were  f r e eze -d r i ed  and tes ted in different  doses (as d ry  weight) in the 
paw edema test .  In this ease  also the supernataut  was found to produce much less  seve re  edema than the con- 
cen t ra te  of enterotoxin (Fig. 2). 

The concentra te  was most in teres t ing for fur ther  study: Its act ivi ty was an o rd e r  of magnitude higher 
than that of the original  prepara t ion  (Fig. 2). The act ivi ty of the concentra te  dec reased  on heating (56~ 1 h). 
The res idual  act ivi ty was probably connected with the p resence  of thermostable  toxin in the concentra te .  How- 
ever ,  during concentrat ion of the enterotoxin with ammonium sulfate the possibi l i ty of accompanying p rec ip i t a -  
t ion of endotoxin [8], some of which is sec re ted  into the medium during cul ture,  cannot be ruled out. It was 
accordingly postulated that the act ivi ty of the heated enterotoxin concentra te  may be due both to thermos tab le  
enterotoxin and to thermostable  endotoxin, i.e.,  l ipopolysaeeharide (LPS). Evaluation of the LPS by the paw 
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edema tes t  showed that it causes  not only edema,  but a lso  death of the an imals .  Af te r  injection of LPS in a dose 
of 4 ~g  the an imals  did not die, and the extent of edema of the paws was s im i l a r  to its extent a f t e r  injection of 
an equal dose of heated enterotoxin  concent ra te .  LPS in a dose of 0.04 ~g  produced no apprec iab le  paw edema.  
Consider ing that the content of LPS in the enterotoxin concent ra te  does not exceed 1% a n d  that  this amount does 
not cause  edema of the paws,  it can be concluded that  the act ivi ty  of the heated enterotoxin concent ra te  is in fact  
a t t r ibutable  en t i r e ly  to the p re sence  of t he rmos tab le  toxin. 

The mouse  paw edema method can the re fo re  detect  ac t iv i ty  of both the thermolab i le  and the the rmos tab le  
enterotoxins  of E. c o i l  

To this it must  be added that  the mouse  paw edema tes t  is s imple ,  reproducib le ,  and sensi t ive .  
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The dynamics  of compensa t ion  of the a f t e r - e f f ec t s  of uni la tera l  des t ruc t ion  of the labyr in th  was 
studied la rabbi t s .  Destruct ion of the labyrinth was followed by nys tagmus ,  an inc rease  In the 
ex te rna l  r e sp i r a t i on  and hear t  r a t e s ,  and EEG activation.  The invest igat ions revea led  d i f fe rences  
in the ra te  of extinction of these  reac t ions  with t ime.  In the late s tages  a f t e r  l abyr in thee tomy 
marked  a s y m m e t r y  of the nys tagmic  r e sponse  of the eyes  to angular  acce le ra t ions  of equal inten- 
s i ty  but opposite d i rec t ion  was observed .  Stimulation of the intact otolith appara tus  was a c c o m -  
panied by the appearance  of posi t ional  nys tagmus .  The r e su l t s  point to imperfec t ion  of the m e c h -  
an i sms  of compensa t ion  a f t e r  to ta l  un i la te ra l  loss  of  ves t ibu la r  function. 

KEY WORDS: ves t ibu lar  sys tem;  depr iva t ional  and posi t ional  nystagmus;  compensa t ion  of d i s -  
turbed functions. 

Clinical observa t ions  and expe r imen ta l  invest igat ions on animals  of different  spec ies  have Shown that  a 
whole s e r i e s  of s enso ry ,  motor ,  and autonomic d i s o r d e r s  develops a f t e r  t r a u m a  to or  su rg ica l  r emov a l  of  one 
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