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The effect of the toxin of Clostridium perfr ingens type A and its lethal fac tor  (lecithinase) on 
the microci rcula t ion  was studied by intravital microscopy.  Microc i reu la tory  d i so rders  were  
observed in the mesen te ry  of the small intestine, the wall of the small intestine, and the 
c r e m a s t e r  muscle  of albino ra ts  af ter  both local (intraperitoneal and intramuscular)  and 
general  (intravenous) action of the toxin and lecithinase. The f i r s t  phase of the d i so rders  of 
the microc i rcula t ion  was due to the direct  action of the C1. perfr ingens  toxin and lecithinase 
on the smooth-musc le  cells of the blood vesse ls ,  leading to a pers is tent  disturbance of the 
mic roc i r cu la to ry  hemodynamics  and to a general  slowing of the blood flow, causing a decrease  
in the volume of blood perfusing the t i ssues .  The second phase is a continuation of the hemo-  
dynamie changes which arose  in the mic roc i rcu la to ry  system.  During the metabolic d is turb-  
ances,  and as a resul t  of the direct  action of the CI__: per f r ingens  toxin and lecithinase on the 
blood, s tas is  accompanied by a disturbance of permeabi l i ty  of the t i ssue-blood b a r r i e r  de-  
velops.  The strong cytolytic action of lecithinase causes  mass ive  in t ravascular  hemclys i s  
of the e ry throcy tes .  

Evidence of substantial d i so rders  of the microci rcula t ion produced by bacter ia l  toxins has recent ly  
been published [17, 7]. This r a i ses  the question of the role of mic roc i r cu l a to ry  dis turbances  in the develop- 
ment of the pathomorphological  changes in toxico-infections.  

The object of the investigation descr ibed below was to study the action of the toxin of Clostr idium 
perf r ingens ,  the agent of gas  gangrene in man,  and of its main component,  the enzyme lecithInase,  on the 
microc i reula t ion  in vivo. 

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

Highly purified lecithinase was isolated by Ispola tovskaya 's  method [1, 2]. The enzyme was free 
f rom catalytic activi ty of other  enzymes of the toxic complex of C1. perf r ingens .  

The state of the microc i rcu la t ion  after  local and general  administrat ion of the toxin and leeithinase 
was studied in vivo in the blood vesse l s  of the mesen te ry  of the albino ra ts  by intravital  mic roscopy  [16] 
in Kozlov's  modification [3], and also in the vesse l s  of the small intestine and of the c r e m a s t e r  muscle [4]. 

The experimental  animals were subdivided into 4 groups,  with 6 albino ra t s  in each group. The ra ts  
of group 1 received the toxin by intraperi toneal  injection in a dose of 0.5 MLD, and the ra t s  of group 2 r e -  
ceived an injection of 1-2 MLD intravenously.  The local action of leci thinase,  injected intraperi toneal ly  
and in t ramuscula r ly  in doses of 0.5 MLD, was studied on the ra t s  of group 3. Lecithinase was injected in- 
t ravenously  into the animals of group 4 in a dose of 1-2 MLD. The react ion of the blood vesse l s  of the 
microc i rcu la t ion  was studied for  6-20 h af ter  injection of the toxin or  leci thinase.  The changes observed 
were recorded  by photomicrography and by microfi lming.  
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Fig. 1. Stasis in vesse l s  of pos tcap i l la ry-venular  division of 
microc i rcu la t ion  of mesen te ry  of albino ra t  60 min af ter  in- 
t raper i toneal  injection of C1. perfr ingens  toxin. Ar rows  denote 
a reas  of diapedesis of e ry throcytes .  Intravital  photomicro-  
graph,  90 x .  

Fig.  2. Lymphatic capi l lar ies  in the mesen te ry  of an albino 
ra t  filled with e ry throcy tes ,  60 min after  intravenous injection 
of C1. per f r ingens .  B) venule. Ar row shows direct ion of blood 
flow. Intravital  photomicrograph,  140 x .  

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  

The react ion of the vesse l s  of the microc i rcu la t ion  to the general  and local action of CI__. perfr ingens  
toxin and leclthinase developed comparat ively  rapidly. Per iodic  contract ions of the muscu la r  components 
of the small a r t e r i e s  and a r te r io les ,  al ternating with their  relaxation,  running in waves along the vesse l  
were  observed 3-5 rain af ter  injection of the toxin. The interval between the phases  of contract ion and r e -  
laxation of the smooth-musc le  e lements  was 1.5-2 min. These t ransient  r i s e s  and falls of capi l lary  r e -  
sistance modify ~he established rhythm of entry of blood into the microci reula t ion ,  as a resul t  of which a 
general  slowing of the per ipheral  blood flow takes place af ter  10-15 min. In the venous port ion of the 
microc i rcu la t ion  there was slight dilatation of the venules and small  veins.  

A stable response  of the vesse l s  of the microc i rcula t ion  developed after  30-60 rain. The ar te r ia l  
vesse l s  were sharply constr ic ted,  while the veins were dilated and congested. The mean d iameter  of the 
a r t e r i e s  was reduced f rom 68 to 53 # ,  i.e., by 22%, while the d iameter  of the vein was increased f rom 110 
to 152 p ,  i.e., by 38%. The rat io between the lumen of the afferent a r te r ia l  vesse l s  and the lumen of the 
efferent venous ve s se l s  was reduced by a lmost  half (from 0.625 to 0.345). 
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Para l le l  with the dis turbance of perfusion of the t i ssues  with blood, juxtamural  s tas is  of leukocytes 
developed, f i r s t  in the pos tcapi l la r ies  and venules,  and l a t e r  in the capi l la r ies .  The leukocytes  pro t ruded 
par t ly  into the vesse l  wall,  and par t ly  formed juxtamural  aggregates  together  with the platelets .  Compara-  
t ively  large  aggregates  consist ing of platelets ,  leukocytes,  and e ry th rocy tes  appeared in the per iphera l  
blood 30-40 min a f te r  adminis t ra t ion of CI__. pe r f r ingens  toxin to the animal.  By occluding the lumen of the 
pos tcapi l la r ies  and venules,  these aggregates  of blood cel ls  caused a r r e s t  of the microc i rcu la t ion .  

During the local action of the toxin these phenomena were  seen most  intensively.  By 60 min most  of 
the capi l lary  and pos tcapi l la ry  sys tem (up to 70-80%) was excluded f rom the c i rculat ion as a resu l t  of p ro -  
g ress ive ly  developing s tas is  (Fig. 1). Movement of blood continued only along the short  and juxtacapi l lary  
pathways of the circulat ion which, as Kupriyanov and Kozlov [5] have shown, act as shunts for  the blood 
flow. 

In individual cases  a f te r  local  administrat ion of CI_._~, per f r ingens  toxin a mass ive  outpouring of e ry th ro -  
cytes into the lymphat ics  and capi l la r ies  was observed (Fig. 2). The lymphatic capi l la r ies  filled with blood 
in a r e t rograde  direct ion.  The mass ive  outflow of e ry th rocy tes  into the lymphat ics  is considered to be a 
manifestation of severe  dis turbance of the permeabi l i ty  of the t i ssue-blood b a r r i e r  resul t ing f rom damage 
to the vesse l  wall caused by the toxin. 

Disturbances of the microc i rcu la t ion  observed  following local  adminis t ra t ion  of leci thinase were  
la rge ly  s imi la r  to the changes produced by the toxin. The pathomorphological  p ic ture  was dominated by 
the rapid developme, nt of extensive s tas is  with local diapedetic hemor rhages .  

Following the general  action of leci thinase on the animal,  bes ides  the c i r cu la to ry  dis turbances  of the 
int ramural  blood flow descr ibed above, the enzyme had a strong cytolytic action on the blood cel ls .  The 
number  of e ry th rocy tes  in the circulat ing blood fell  sharply 1-2 h a f te r  intravenous injection of 1-2 MLD 
leci thinase,  and "ghost ~ e ry th rocy tes  appeared.  Within the blood vesse l s  of the microc i rcu la t ion  hemolysis  
of e ry th rocy tes  took place rapidly.  After  lethal  doses of leci thinase lys is  of the e ry th rocy tes  was so rapid 
that the animal dies within a few hours  of acute card iovascular  fa i lure .  

The ear ly  dis turbances  of the mieroc i reu la t ion  produced by the action of CI_~. per f r ingens  type A toxin 
and its lethal fac tor  (leeithinase) were  d i rec t ly  connected with a dis turbance of the hemodynamic function 
of the microe i reu la t ion .  By producing spasm of the small  a r t e r i e s  and a r t e r io l e s  and dilatation of the 
veins ,  the toxin and leci thinase led to a pe r s i s t en t  slowing of the blood flow in the microc i rcu la t ion  and to 
a sharp dec rease  in the volume of blood perfusing the organs and t i s sues .  

Similar  changes in the mic roc i r cu l a to ry  hemodynamics  have been demonst ra ted  af ter  the action of 
the endotoxin of E. coli  on the animal [14, 9], and also during genera l ized  poisoning by var ious  toxins [15]. 
Most worke r s  consider  that the p r i m a r y  spasmogenic effect  is due to the d i rec t  action of the bacter ia l  
toxins on the smooth-musc le  cel ls  of the blood vesse l s  [10]. However,  the possibi l i ty of accompanying dis-  
o rd e r s  of the vasomotor  innervation of the vesse l s  cannot be ruled out [6, 8, 13]. 

The development of s tas is ,  as the end- resu l t  of the m i c r o c i r c u l a t o r y  d i so rde r s ,  is observed not only 
as a resu l t  of the action of bac te r ia l  toxins.  Various fo rms  of shock [11, 15] and mechanical  t rauma to 
vesse l s  [12] lead ul t imately  to s tas is .  These facts  suggest that not only the initial damage to e lements  of 
the mieroc i rcu la t ion  by the toxin but also a whole group of pathological changes connected with d is tur -  
bances of t issue metabol i sm during infection of the t i ssues  are  concerned in the genesis  of s tas is .  
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