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E N T E R O T O X I C  A C T I V I T Y  OF  L I V I N G  C U L T U R E S  

OF  S h i g e l l a  s o n n e i  A N D  E N T E R O T O X I N  F O R M A T I O N  in  v i v o  

N. B.  K a m z o l k i n a ,  I .  L .  G o f m a n ,  
I .  L.  M a r g u l i s ,  L .  M. Y a r o v a y a ,  
a n d  I. N. K a m e n s k a y a  
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The overwhelming majori ty of virulent  s t rains  of Shigella sonnei caused the accumulat ion 
of fluid in the lumen of an isolated segment of rabbit small  intestine; the fluid contained 
large quantities of mucus and somet imes blood; the mucous membrane  of the segment was 
hyperemie and had petechial hemorrhages .  Avirulent s t ra ins  of Sh. sonnei as a rule did not 
cause exudation into the loop of intestine. The s ter i le  and concentrated contents of the 
intestinal loops of rabbits responding to injection of the virulent  s t rain of Sh. sonnei or a 
toxigenic s t ra in  of Shigella shigae invariably gave a positive reaction in other rabbits.  The 
cha rac te r  of the exudate and the changes in the mucous membrane under these c i r cum-  
stances were indistinguishable f rom those following injection of living cultures.  

KEY WORDS: Shigella sonnei; Shigella shigae; enterotoxin 

Investigations have shown [7] that most  recently isolated strains of Shigella sonnei can induce the accumu-  
lation of fluid in the isolated loop of rabbit  smal l  intestinel However, Floyd and Arm were unable to r ep ro -  
duce this phenomenon by injecting fi l trates of these cul tures ,  and Arm et al. [1] also were unsuccessful  when 
injecting lysates obtained by ul trasonic t reatment .  

These workers  observed cor re la t ion  between the enteroto• of the s t rains  and their  virulence.  

More recent  data [2-7] indicate that Sh. sonnei, unlike Shigella shigae, is unable to produce an entero-  
toxin. 

In the present  investigation the isolated loop of rabbit small  intestine was used as a model to study the 
action of recent ly  isolated strains of Sh. sonnei and also of the s ter i le  contents of isolated segments of intes-  
tine obtained during tests  of virulent  s t ra ins .  

E X P E R I M E N T A  L M E T H O D  

All s t ra ins ,  which were generously provided by the bacter iological  laboratory of the Leningrad Distr ict  
Public Health Station in Moscow (Head T. A. Lakshtanova), were kept in the lyophilized state at 4~ Altogether 
14 recent ly  isolated s t ra ins  and 2 re fe rence  strains (Nos. 9090 and 7478) were tested. The strains were grown 
in dishes on nutrient agar ,  the round colonies were chosen as far  as possible,  and a suspension prepared f rom 
them in physiological saline with a density of 1 billion bacter ia l  cel ls /ml  according to the optical standard of 
the State Control Institute, and 1 ml of this suspension was injected into the lumen of an isolated loop of rabbit 
smal l  intestine. 
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Eksper imental 'noi  Biologii i Meditsiny, Vol. 84, No. 12, pp. 703-705' December ,  1977. Original ar t ic le  sub- 
mitted Februa ry  3, 1977. 

0007-4888/77/8412-1743507.50 01978 Plenum Publishing Corporat ion 1743 



TABLE 1. En te ro tox ie i ty  of 

t u r e s  of Shigel la  sonne i  

Culture 

Virulent 

Avirulent 

Living Cul-  

*The c u l t u r e  was t es ted  

b i l l ion  b a c t e r i a l  ce l l s .  

o .~ ,o 

Number of 
rabbits 

i > o 

4 � 9  

I, II, R 25 
I, II, R 10 

]Ig I, ]I 25 
I, II, 1 25 

II, I 75 
II, l, R 75 
II, I 85 

III d II, I 75 
II, I 65 

I, II lO 
II g I, II l0 

If, R I00 
II 100 

III d II, R I00 
II I00 
II, I, 85 

i n  

1041 
3020 
1681 
9543 
9413 
9560 
9574 
9571 
9316 

9090 
7478 
2953 1 

12300 
2716 

11326 
l '288 1" 

a dose of 2 

1 

4 
2 
1 

4 
1 

2 
2 
1 
1 

The p r e s e n c e  of phase  II in the cu l t u r e s  was d e t e r m i n e d  by agg lu t ina t ion  of the co lon ies  on a s l ide  with 
homologous  s e r u m ,  and also by the aid of spec i f i c  phage. Phase  R was ident i f ied  by t e s t i n g  agg lu t ina t ion  of the 
colonies  on a s l ide  with phys io log ica l  sa l ine .  

The conten ts  of the i n t e s t i n a l  loops obta ined  i m m e d i a t e l y  a f te r  s a c r i f i c e  f r o m  r a bb i t s  r e a c t i n g  pos i t i ve ly  
to in j ec t ion  of the mos t  v i r u l e n t  s t r a i n  No. 3020, and a l s o o f a n R  s t r a i n  of Shigel la  sh igae  No. 973a (control)  
we re  cen t r i fuged  at 9000 r p m  for 20 min  to r e m o v e  mucus ,  blood ce l l s ,  and mos t  of the m i c r o o r g a n i s m s .  The 
c l a r i f i ed  s u p e r n a t a n t  was s t e r i l i z e d  with c h l o r o f o r m  vapor  and checked by repea ted  s u b c u l t u r e ,  a f te r  which it  

was f r e e z e - d r i e d .  

Chinch i l l a  or  a lbino rabb i t s  weighing 1.5-2 kg, depr ived  of food for 2 days ,  were  used.  Under  e ther  
a n e s t h e s i a  6 to 8 s e g m e n t s  of s m a l l  i n t e s t i n e  were  i so la ted  20-30 c m  above the appendix,  each 6 - 1 0 c m  long,  
and 3 or  4 c u l t u r e s  we re  in jec ted  into a l t e r n a t e  s e g m e n t s .  The fol lowing day the r a bb i t s  w e r e  ki l led (by a i r  

embo l i sm)  and the coeff ic ient  of d i l a ta t ion  d e t e r m i n e d  (in ml /cm) .  

The v i r u l e n c e  of the s t r a i n s  was t es ted  by the k e r a t o - c o n j u n c t i v a l  t e s t s  on gu inea  pigs.  

EXPERIMENTAL RESULTS 

The rabb i t s  t o l e r a t e d  in j ec t ion  of m o r e  than two v i r u l e n t  cu l t u r e s  into the i n t e s t i n e  badly :  Of 21 a n i m a l s  
6 died dur ing  the f i r s t  day and i developed p a r a l y s i s  of the hind l imbs .  As Tab le  i shows,  l iv ing c u l t u r e s  of 
some s t r a i n s  were  t e s t ed  on s e v e r a l  r a b b i t s .  In this  case ,  the r e s u l t  was the s a m e  in the l iv ing  r abb i t s  and 
those  which died;  the r e s u l t s  of e x p e r i m e n t s  on both groups of a n i m a l s  we re  a c c o r d i ng l y  c o n s i d e r e d  toge ther .  

All  v i r u l e n t  s t r a i n s  except  No. 9574 gave the phenomenon  of d i l a t a t ion  of the i n t e s t i n a l  loop. One of the 
r abb i t s  on which this  s t r a i n  was t e s t ed  died,  however ,  before  the exudate had had t i m e  to a c c u m u l a t e  in the  

l igated s e g m e n t  of i n t e s t i n e  (control  with l iv ing  s t r a i n  No. 1041, g iv ing  a coeff ic ient  of d i l a t a t ion  of 0.5 ml / cm) .  
In the o the r  two r abb i t s  th is  coef f ic ien t  was 0.5 and 0.6 m l / c m  r e s p e c t i v e l y  ( r e su l t  doubtful).  No c on t r o l  with a 
l iv ing  cu l t u r e  was se t  up for  t he se  r a b b i t s ,  for  in the c o u r s e  of the work i t  was d i s c o v e r e d  that  i n j e c t i on  of 
v i r u l e n t  c u l t u r e s  of the m i c r o o r g a n i s m  reduced  the l ikel ihood of the r a b b i t s '  s u r v i v a l .  L a t e r ,  as pos i t ive  con -  

t ro l ,  a cho le rogen  kindly  p rov ided  by Dr.  L. T. K a r a e v a  f r o m  the Sara tov  "Mikrob"  Ins t i tu te ,  was used.  The  

cho l e rogen  was in jec ted  into the mos t  d i s ta l  s egmen t .  

Some r abb i t s  did not r eac t  to in j ec t ion  of the cho le rogen  or  of l iv ing  and known ex te ro toxic  s t r a i n s  of Sh. 
sonne i  or  Sh. Shigae. Some of t hem,  as was found dur ing  the opera t ion ,  suf fe red  f r o m  c y s t i c e r c o s i s .  The 
albino rabb i t s  we re  m o r e  s e n s i t i v e  to the en te ro tox ic  ac t ion  of the cho l e rogen  and l iv ing c u l t u r e s .  
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As T a b l e  1 s h o w s ,  v i r u l e n t  s t r a i n s  as  a r u l e  gave  a p o s i t i v e  r e s u l t  on a l l  r a b b i t s  on which they  w e r e  
t e s t e d  (for  e x a m p l e ,  s t r a i n s  Nos.  1041 and 3020). Only one w e a k l y  v i r u l e n t  s t r a i n  (No. 9413), p r e d o m i n a n t l y  in 
p h a s e  II~ c a u s e d  exuda t ion  in I of 2 r a b b i t s .  

The  ab i l i t y  of  a c u l t u r e  of  s t r a i n  No. 1041, s u s p e n d e d  in p h y s i o l o g i c a l  s a l i n e ,  to induce  d i l a t a t i o n  of  the  
s e g m e n t  of i n t e s t i n e ,  p e r s i s t e d  a f t e r  s t a n d i n g  fo r  3 days  at 4~ (pe r iod  of o b s e r v a t i o n ) .  

D i f f e r e n t  r a b b i t s  r e a c t e d  d i f f e r e n t l y  to i n j e c t i o n  of the  s a m e  v i r u l e n t  c u l t u r e .  In the  o v e r w h e l m i n g  
m a j o r i t y  of c a s e s  the  s e r o u s  e f fus ion  con ta ined  much  m u c u s ,  at  t i m e s  m i x e d  with m o r e  o r  l e s s  b lood.  The 
mucous  m e m b r a n e  of the i n t e s t i n e ,  d i l a t ed  by exuda t e ,  was a lways  v e r y  h y p e r e m i c ,  and i t  of ten had p e t e c h i a l  

h e m o r r h a g e s .  

Two v i r u l e n t  s t r a i n s  w e r e  t i t r a t e d  in a loop of  r a b b i t  i n t e s t i n e .  The  m i n i m a l  e n t e r o t o x i c  dose  for  s t r a i n  
No. ].041 was 31 million, and for strain No. 3020 it was 125 million bacterial cells. 

Of 7 avirulent cultures only 2 recently isolated strains (Nos. 2953 and 288), which had lost their virulence 

during subculture and freeze-drying, caused the formation of an exudate (strain No. 288 in a dose of 2 billion 

bacterial cells). The remaining avirulent strains constantly gave a negative result. 

Tests of two strains (Nos. 9090 and 12300) in a dose of 8 billion bacterial cells per rabbit gave a negative 
result despite a positive response to the virulent strain. 

Belonging to different biochemical types did not affect the virulence or enterotoxicity of the strains. 
Although nearly all avirulent strains were predominantly in phase II, segregation of colonies of one phase or 

another by them was not by itself responsible for the properties mentioned above. For instance, avirulent 

strains Nos. 9090 and 7478, like the virulent strains, formed colonies in phase I, whereas virulent and entero- 

toxic strains Nos. 9413 and 9560 consisted chiefly of microorganisms in phase If. 

The virulence of strains of Sh. sonnet correlated more with their enterotoxicity than with the phase state 

of  the  c u l t u r e s .  

R e p e a t e d  t e s t i n g  of  t he  e n t e r o t o x i c  a c t i v i t y  of the  s t e r i l e  l iquid  con ten t s  of the  loops  of  r a b b i t  i n t e s t i n e  
f o r m e d  in r e s p o n s e  to i n j e c t i o n s  of  s t r a i n  No. 3020 gave  p o s i t i v e  r e s u l t s  in i s o l a t e d  c a s e s  when not l e s s  than  
5 ml  was i n j ec t ed .  A p o s i t i v e  r e a c t i o n  was c o n s t a n t l y  o b s e r v e d  i f  c o n c e n t r a t e d  p r e p a r a t i o n s  equ iva len t  to 15 
m l  of l iqu id  con ten t s  and ob ta ined  e i t h e r  f r o m  r a b b i t s  i n fec t ed  with Sh. sonne t  o r  f r o m  r a b b i t s  in fec ted  i n t r a -  
s e g m e n t a l l y  by a c u l t u r e  of  Sh__. s h i g a e ,  w e r e  used .  The  con ten t s  of  i n t e s t i n a l  loops  of  r a b b i t s  r e a c t i n g  to  t h e s e  
c o n c e n t r a t e d  p r e p a r a t i o n s  w e r e  i n d i s t i n g u i s h a b l e  in c h a r a c t e r  f r o m  t h o s e  f o r m e d  in r e s p o n s e  to i n j ec t i on  of  
l iv ing  d y s t e n t e r y  s t r a i n s  (mucus ,  b lood ,  h y p e r e m i a ,  and h e m o r r h a g e s  into the mucous  m e m b r a n e ) .  
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