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In poisoning caused by injection of Clostridium perfr ingens type A toxin or  a mixture  of toxin 
with the fi l trate of a culture of Clostridium butyr icum,  changes in the microc i rcu la t ion  in the 
mucous  membrane  of the re t robuccal  pouch of golden hams te r s  were  found. The m i c r o c i r c u -  
la tory  changes took place in two phases.  In the f i rs t  phase vasomotor  dis turbances  were ob- 
served,  as shown by periodic changes in d iameter  of the a r te r ia l  m i c r o v e s s e l s ,  and by p las -  
matizat ion and a dec rease  in the number of functioning capi l lar ies .  The d iameter  of the veins 
showed no significant change. The second phase was charac te r ized  by pers is tent  dis turbances 
of the mic roc i rcu la t ion :  slowing of the blood flow in the a r te r ia l  and venous port ions,  the ap-  
pearance of regions of s tas i s ,  a r e t rograde  blood flow, and a r te r ia l  dilatation. The pers is tent  
d is turbances  of the microc i rcu la t ion  following injection of a mixture of C1. perfr ingens toxin 
and fi l trate of a broth culture of C1. butyricum appeared sooner  than those in response  to in- 
jection of the toxin alone. 
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The clinical and pathophysiological features of d iseases  caused by anaerobic m ic roo rgan i sms  and, in 
par t icu lar ,  by Clostridium perfr ingens suggest  that dis turbances of the microc i rcu la t ion  are  an important  link 
in the pathogenesis  of these toxicoinfections. However,  only isolated studies of this problem have been under-  
taken [3, 8, 9, 15]. In anaerobic g a s - g a n g r e n e  infection associant  m ic roo rgan i sms  play an important  role [1, 
2, 4, 13]. Metabolic products of one of these assoc ian ts ,  namely Clostridium butyricum which ' themselves  have 
no toxic action, have been shown to potentiate the effects of CI~ perfr ingens type A toxin [6, 7]. 

The object of  this investigation was to study changes in the microc i rcu la t ion  in poisoning due to C1. p e r -  
fringens type A toxin and metabolic products  of C1. butyricum. 

E X P E P [ M E N T A L  M E T H O D  

Dried C1. perfr fngens  type A toxin, of batch 29, manufactured by the Khar 'kov Research  Institute of Vac-  
cines and Sera {filtrate of a broth culture) and C1. butyricum strain 253 were used. Before the experiment,  100 
ml of the lyophilized fi l trate was dissolved in distilled water  and injected into animals in a dose of 0.2 ml of 
f i l t ra te /100 g body weight~ The state of the microc i rcu ta t ion  was observed in an apparatus for b iomicroscopy,  
mounted on the base of a MBI-3 mic roscope ,  in the mucous membrane  of the re t robuccal  pouch of a hamste r  
kept in a t ransparent  plastic container [5, 14]. The animal was anesthetized with pentobarbital .  Photographic 
recording was ca r r i ed  out with the MFN-I I  photomicrographic  at tachment on "Mikrat-300" film. Experiments 
were ca r r i ed  out on 15 golden hams te r s  weighing 130-160 g:  Six hams te r s  were given an intraperi toneal  in jec-  
tion of 1 LD of C1. perfr ingens  toxin in 1 ml physiological  saline (group 1), five animals received a mixture  of 
1 LD toxin and fil trate of a broth culture of CI___. butyricum in a volume of i ml (group 2), and four hams te r s  r e -  
ceived the fi l trate of the broth culture of C1. butyricum only (control). 
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Fig. 1 Fig. 2 

Fig. 1. Mieroves~els of mucous membrane of retrobuecal pouch of a hamster before injection 
of Cl.perfringens type A toxin (a) and 5 h 10 rain after its injection (b). Magnification 60• Ex- 
planation in text. 

Fig. 2. Microvessels of mucous membrane of hamster retrobuccal pouch before simultaneous 
injection of C1. perfr ingens type A toxin a~dfi l t ra te  of broth culture of C1. butyricum (a) and 4 h 
after  their  injection (b). Magnification 60 • explanation in text. 

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

In the animals of group 1, increased vasomotor  activity was observed 4-5 h af ter  injection of the toxin, 
as shown by periodic changes in the d iameter  of the a r t e r i a l  m ic roves se l s ,  which were t emporar i ly  constr ic ted 
either along their  whole length or  segmental ly.  As a resul t  of sharp Constriction of the a r t e r i e s  and also,  p rob-  
ably, of the precapi l la ry  sphincters  plasmatizat ion of some ar te r ia l  m ic roves se l s  and capi l lar ies  took place 
and the number of functioning capi l lar ies  was reduced. The d iameter  of the veins showed no significant change: 
The blood only flowed m o r e  slowly in them or s tasis  developed in the smal les t  vesse ls .  The changes descr ibed 
were t ransient  and after  a short  t ime the constr ic t ion of the a r te r ia l  mic rovesse l s  was replaced by res tora t ion  
of their  original  d iameter ,  the plasmatized vesse ls  were filled with blood cel ls ,  and the blood began to flow again 
in the smal les t  venules and capi l lar ies .  Permanent  impairment  of  the microc i rcu la t ion  occur red  after  4-5 h or  
more .  Slowing of the blood flow in the a r te r ia l  and venous portions of the microc i rcu la t ion  was observed,  the 
number of functioning capi l lar ies  was reduced,  and regions of s tasis  appeared.  A to -and- f ro  or  r e t rograde  
blood flow was recorded  at this t ime. As a rule dilatation of the a r te r ia l  vesse ls  was found, their  d iameter  being 
increased by 1 .5 -2 t imes  (Fig. 1). Inthe flow o f r e d c e l l s  in the a r t e r i e s ,  groups of adherent  leukocytes were ob-  
served to move.  In the a r te r ia l  and venous vesse ls  of all the animals there were smal l ,  unstable aggregates  of 
red cells.  The changes in the d iameter  of the veins were inconstant. The leukocytes in the veins were a r ranged  
at the periphery.  Four of the animals died during the f i rs t  day after  injection of the toxin and two at the end of 
the second day. 

In the animals of group 2 the lasting dis turbances  of the microc i rcu la t ion  were s imi la r  in cha rac te r  to 
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those  in the an imals  of the prev ious  group,  but they appea red  sooner .  As ea r ly  as a f t e r  3-4 h a pe r s i s t en t  
slowing of theb tood  flow in the a r t e r i a l  and venous por t ions  of  the mic roc i r cu l a t i on  was obse rved ,  the number  
of  functioning cap i l l a r i e s  was reduced ,  and regions  of  s t a s i s  appeared;  in some v e s s e l s  a t o - a n d - f r o  or  r e t r o -  
g rade  flow was obse rved .  Dilatat ion of the a r t e r i e s  was recorded ,  the i r  lumen being enlarged by 1.5-3 t imes  
(Fig. 2). Smal l  agg rega te s  of  leukocytes  w e r e  obse rved  in the a r t e r i a l  blood flow. There  were  no sharp  changes 
in the d i a m e t e r  of  the ve ins ,  but the leukocytes  in them were  a r r a n g e d  pe r iphera l ly .  Death of all  the an imals  
occu r r ed  during the f i r s t  day a f t e r  injection of the toxin and f i l t ra te .  

In the an imals  of the control  group,  which rece ived  only f i l t ra te  of C1. b u t y r i c u m ,  no g r o s s  d i s tu rbances  
of  the mic roe i r cu l a t i on  were  found. 

The restf l ts  indicate that  C1. pe r f r i ngens  type A toxin,  alone or  toge ther  with the f i l t ra te  of  a broth cu l -  
tu re  of  C1. bu ty r i cmn,  c aus e s  definite changes  in the mic roc i r cu l a t i on .  Vasomotor  d i s tu rbances  were  obse rved  
for  a long period of t ime  (4-5 h) a f t e r  injection of the toxin. Kozlov and Ispola tovskaya  [3] obse rved  per iodic  
wave- l ike  cont rac t ion  of the m u s c u l a r  components  of the smal l  a r t e r i e s  and a r t e r i o l e s ,  followed by their  r e l a x -  
a t ion,  3-5 rain a f t e r  injection of C1. pe r f r ingens  type A toxin. A p e r s i s t e n t  cons t r ic t ion  of the a r t e r i e s  developed 
a f t e r  0o5-1 h, whe rea s  the veins  w e r e  di la ted and dis tended with blood. These  w o r k e r s  a s soc ia t e  this phe -  
nomenon with a d i r ec t  d i s tu rbance  of the hemodynamic  function of the mic roc i r cu l a t i on  as a r e su l t  of the act ion 
of the toxin. In the p re sen t  e x p e r i m e n t s  the v a s o m o t o r  phenomena las ted  much longer .  The lumen of the veins 
at these t imes  showed no s ignif icant  change.  In the expe r imen t s  with the combined injection of Cl. pe r f r ingens  
toxin and f i l t ra te  of a broth  cul ture  of CI__ bu tyr icum v a s o m o t o r  d i s tu rbances  of the s a m e  type were  obse rved ,  
but they las ted  not m o r e  than 3-4 h, a f t e r  which the pe r s i s t en t  changes a rose .  In the expe r imen t s  in which the 
f i l t ra te  of  C1. bu tyr icum alone was g iven,  the intensi ty  of the v a s o m o t o r  phenomena was low. 

Inc reased  v a s o m o t o r  ac t iv i ty  was evidently not a specif ic  mani fes ta t ion  of the act ion of Clo pe r f r ingens  
toxin,  for it is obse rved  in r e s p o n s e  to the act ion of va r ious  f a c t o r s ,  notably in hemor rhag i c  [11] and t r aumat i c  
shock [10]. A last ing d i s tu rbance  of the m i c roc i r cu l a t i on  was obse rved  4-5 h a f t e r  injection of C1. pe r f r ingens  
toxin and 3-4 h a f t e r  combined inject ion of CI__. p e r f r i n g e n s  toxin and C1. bu tyr icum f i l t ra te .  The blood flow in 
the a r t e r i a l  and venous por t ions  of the m i c roc i r cu l a t i on  was slowed,  the number  of  functioning cap i l l a r i e s  was 
reduced ,  regions  of s t a s i s  appea red ,  and the a r t e r i e s  were  sha rp ly  dilated.  

The sharp  di latat ion of the a r t e r i e s  and the l e s s  m a r k e d  r e sponse  of the veins obse rved  in these  e x p e r i -  
men t s  m a y  indicate that C1. pe r f r ingens  toxin has a g r e a t e r  act ion on the walls  of  the a r t e r i a l  than of the venous 
m i e r o v e s s e l s .  In endotoxin shock [12], the capac i t ive  v e s s e l s  a lso  p r e s e r v e  the i r  tone longer  than the r e s i s t i v e  
vessels. 
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