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Changes i n  the mic roc i rcu la t ion  in the l iver  during anaphylact ic  shock were  studied in expe r i -  
ments  on r a t s  and dogs. After injection of the react ing  dose of horse  s e r u m  the sys temic  
blood p r e s s u r e  rose  on the ave rage  by 20 m m  Hg, s p a s m  of the sinusoids and hepatic venules 
was observed ,  and the blood flow in them was acce le ra ted .  During the subsequent  fall of the 
a r t e r i a l  p r e s s u r e  to 60-40 m m  Hg congest ion of the blood ve s se l s ,  slowing of the blood flow, 
in t r avascu la r  aggregat ion of the blood ce l l s ,  and h e m o r r h a g e s  together  with i schemic  d i s tu rb -  
ances  were  observed  in the l iver .  Res to ra t ion  of the sys t emic  a r t e r i a l  p r e s s u r e  and m i c r o c i r -  
culation took place para l le l ,  but the normal  mic roe i rcu la t ion  in the l iver  was not r e s t o r e d  un- 
der  these c i r cum s t ances .  

Key words:  mic roc i rcu la t ion ;  l iver ;  anaphylaxis .  

The p rob lem of anaphylact ic  shock has recen t ly  a t t rac ted  p a r t i c u l a r  at tention because  of m a s s  a l -  
le rg iza t ion  of the population [3]. The ro le  of the l iver  in the d is turbance  of the hemodynamics  in anaphylaxis 
is well known. For  that r eason ,  the elucidation of the m e c h a n i s m s  of format ion  of anaphylact ic  shock is  
imposs ib le  without a study of the c h a r a c t e r i s t i c s  of the t e rmina l  c i rcula t ion  in this organ.  

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

The mic roc i r cu la t ion  in the l iver  was studied in 23 r a t s  and i0  dogs. The r a t s  were  sens i t ized  by 
3 injections ( in t raper i toneal ,  subcutaneous,  followed 2 days l a te r  by another  subcutaneous) with a mixture  
consis t ing of 0.2 g lanolin, 0.25 g mine ra l  oil ,  6 xl09 ce l l s  of a whooping cough vaccine,  and 0.7 ml normal  
horse  s e r u m .  The dogs were  sens i t ized  by 3 inject ions,  each  of 0.3 mlAng horse  s e r u m .  The reac t ing  
dose (0.5 ml /100  g for r a t s ,  2 ml/kg body weight for dogs) was injected into the jugular vein. The inves t i -  
gations were c a r r i e d  out under pentobarbi ta l  anes thes ia ,  by means  of a mic roscope  with dark- f ie ld  contact  
object ive (ocular 10, object ive 10) and with a type MFN-12 c a m e r a  a t t achment  for photomicrography .  The 
mic roc i r cu la t ion  was a s s e s s e d  on the bas i s  of visual  observa t ions  and pho tomicrographs .  

In the t e rmina l  vascu la r  s y s t e m  of the l iver  in r a t s  and dogs the por ta l  and hepatic venules and the 
s inusoids were  access ib le  to observat ion .  The por ta l  venules were seen  much less  often than the hepat ic ,  
and mainly  at  the pe r iphery  of the lobes.  The chief d i f ference between these ve s se l s  was the opposite di -  
rec t ion  of movement  of the blood in them: in the por ta l  ve s se l s  f rom venules into s inusoids ,  but in the he-  
patic (central) venules f rom sinusoids into venules.  

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  

After injection of the reac t ing  dose of ho r se  s e r u m  the blood p r e s s u r e  of the r a t s  r o s e  sharp ly  by 
10-30 m m  Hg (to 110-130 m m  Hg); at this t ime  s p a s m  of the sinusoid and of the por ta l  and hepatic venules 
and acce le ra t ion  of the blood flow along them were  observed  in the l iver .  
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Fig. 1. Effect of anaphylactic shock on m i c r o -  
circulat ion in the ra t  l iver:  a) original  appear -  
ance (blood p re s su re  100 mm I4_g): sinusoids 
and a hepatic venule can be seen: b) anaphylac-  
tic shock (blood p r e s s u r e  30 mm Hg): sharp 
dilatation of sinusoids (same par t  of the liver).  
Here and in Fig. 2: ocular  10, objective 10. 

During the subsequent fall of blood p res su re  to 65-40 
mm Hg the blood flow in the hepatic venules was slowed 
and somet imes  became intermit tent  in charac ter .  In most  
sinusoids and hepatic venules congestion and statis  devel-  
oped, with petechial hemorrhages  into the l iver t issue, 
evidently resul t ing f rom the increased permeabi l i ty  of the 
mic rovesse l s .  At this level of the a r te r ia l  p ressure ,  ag- 
gregat ion of blood cel ls  was frequently seen in the hepatic 
venules and sinusoids,  and this condition p rogressed  with 
the development of the process  (Fig. 1). 

With a further  decrease  in the sys temic  blood p re s -  
sure to 30-20 mm Hg most  of the sinusoids were virtually 
nonfunctioning. They were g ross ly  dilated, marked aggre-  
gation of blood cells  with the formation of la rger  in t ravas-  
cular  conglomerat ions  was observed,  and some sinusoids 
and hepatic venules were club-shaped.  The mosaic  pattern 
of the changes in the microc i rcu la t ion  was a conspicuous 
feature:  side by side with sa t is factor i ly  functioning sinus-  
oids there were vessels  which functioned periodical ly or 
not at all. Often a reas  of hyperemia  alternated with areas  
of ischemia (Fig. 2), where the vascular  s t ruc ture  of the 
l iver was imprec ise  because of the marked vascular  spasm 
or the peris inusoidal  edema. 

After r ecove ry  of the blood p res su re  to 70-80 mm 
the mic roc i rcu la t ion in  the liver improved considerably,  
the blood flow was accelera ted  in all the vessels ,  the phen- 
omena of aggregation of blood cells were reduced,  the con- 
gestion of the sinusoids and the hepatic venules was less 
marked,  but the normal  hemodynamics was still not r e -  

s tored.  In addition, changes in the circulat ion unconnected with the animal ' s  respi ra t ion  and movements 
could be observed.  When the mean level of the blood p re s su re  was 80 mm periodic congestion of the s inus-  
oids with blood was observed,  somet imes  with aggregat ion of the blood ceils;  this could be quickly followed 
by accelera t ion  of the blood flow and spasm of the sinusoids.  When the ar te r ia l  p ressu re  was 80 mm Hg 
the interval  between two periods of vascular  spasm was 20-21 sec,  when the p res su re  was 70 mm Hg the 
interval increased  to 26-27 sec,  when it was 50 mm Hg it was longer still,  and when the blood p res su re  fell 
still lower this periodic al ternation in functional activity of the individual vesse ls  of the l iver could no lon- 
ger  be observed.  

Compar ison of the periodic changes in the hemodynamics in the liver with fluctuations in the sys temic  
blood p r e s s u r e  showed that at t imes of dilatation and congestion of the sinusoids and hepatic venutes and of 
an increased tendency toward aggregation of the blood cells the a r te r ia l  p r e s su re  was increased by 5-10 
mm Hg, whereas during the period of expulsion of blood and of vasospasm it fell by approximately the same 
amount. The periodic nature of the changes in the microc i rcula t ion  in the liver in anaphylactic shock was 
thus connected with smal l  (not exceeding 10 mm Hg) fluctuations in the blood p res su re  in the main a r t e r i e s .  
Dependence of the blood flow in the liver sinusoids on the ar ter ia l  blood p ressu re  has also been found by 
other workers  [4, 7]. 

In dogs,  after  injection of the react ing dose of horse  se rum and the subsequent lowering of the blood 
p re s su re  to 60 mm Hg, aggregation of blood cells  in the hepatic venules and sinusoids and congestion of 
these s t ruc tu res  were observed.  The mosaic  pattern of function of the hepatic vessels  was c lear ly  revealed.  
As the blood p re s su re  re turned to normal  there was a tendency toward an improvement  of the mic roc i r cu l a -  
tion. However, even after the a r te r ia l  p r e s s u r e  had fallen to its level before shock, a reas  of ischemia and 
hyperemia  still remained in the l iver ,  evidence of incomplete r ecove ry  of the microc i rcu la t ion  and of its 
dependence on other factors  than the level of the sys temic  blood p re s su re .  

When the resu l t s  of these exper iments  are compared with data in the l i te ra ture  it must  be noted that 
in other animals (rabbits,  guinea pigs) the deposition of blood in the sinusoids and central  venules of the 
l iver is increased in active and passive anaphylaxis,  the blood cells undergo aggregation,  and microembol i  
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Fig. 2. Areas of hyperemia and ischemia in 
liver of ra ts  with anaphylactic shock (arterial 
pressure  30 mm I-]g}. 

are formed [6, 8, 10]. After injection of guinea pig serum directly into the hepatic a r te ry  of rabbits [9] 
necrotic loci appeared in the parenchyma of the organ, followed by degeneration of the liver cells. Patho- 
morphological investigations of the liver and other organs of persons dying from anaphylactic shock r e -  
vealed blood stasis in all the organs, increased vascular permeability, hemorrhages,  and microthromboses 
[5]. Well-marked aggregation blocking of the capillary blood flow and dilatation of the blood vessels of the 
venou s microcirculationof the me sentery have been found in dogs, rabbits, and rats with anaphylactic shock 
[1, 2]. The results  of macroscopic and microscopic investigations of the liver in dogs with anaphylaxis 
confirm the special features of the circulation in this organ revealed in vivo by the experiments described 
above. 
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