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The dynamics  of ea r ly  d is turbances  of the mic roc i rcu la t ion  and v a s o - t i s s u e  pe rmeab i l i t y  
was studied by in t ravi ta l  luminescence  b iomic roscopy  during the development  of acute 
diffuse hepat i t is  in ra ts  produced by injection of al lyl  fo rma te .  Cons iderable  dilatation 
of the m i c r o v e s s e l s  with signs of s t a s i s  and m i c r o h e m o r r h a g e s  were  observed .  Vaso -  
t i s sue  pe rmeab i l i t y  was dis turbed re la t ive  to albumins only. The b iomic roscop ie  changes 
which developed occu r r ed  before  damage  to the pa renchyma  vis ib le  in the spec imens .  

The method of luminescence  b iomic roscopy  of the internal  organs  suggested by the wr i t e r s  p rev ious ly  
[1] was used  to study the dynamics  of ea r ly  m i c r o e i r c u l a t o r y  d i so rde r s  and d is turbances  of v a s o - t i s s u e  
pe rmeab i l i t y  during the development  of acute diffuse hepat i t is  in ra t s .  

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

The toxic agent used  was the specif ic  cap i l l a ry  poison al lyl  f o rma te  which, according to the l i t e ra tu re ,  
produces  acute inf lammat ion  of the l i ve r  in an imals .  The compound was injected in t ravenously  in a dose of 
0.0008 ml /100  g body weight. Pa ra l l e l  with the b iomicroscop ic  invest igat ions,  the l i ve r  t i s sue  was studied 
in spec imens  obtained at var ious  l i m e s  a f t e r  injection of allyl  f o r m a t e  (0.5, 1, 1.5, 2, and 3 h). 

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

The b iomic roseop ic  observa t ions  revea led  the f i r s t  signs of hemodynamic  d is turbances  in the sma l l  
v e s s e l s  of the l i ve r  10 min  a f t e r  injection of al lyl  fo rma te .  Capi l la r ies  in the region of the t e r m i n a l  a f f e r -  
ent ve s se l s  were  sl ightly dilated so that  t h e i r  d i a m e t e r  was equal to the d i ame te r  of the sinusoids in the 
region of the t e r m i n a l  hepatic venules .  This  was accompanied  by slowing of the blood flow and the a p p e a r -  
an t e  of c lumps of red cel ls  in the m i c r o v e s s e l s .  The phenomena desc r ibed  above gradual ly  i nc rea se  in 
s eve r i t y  so that 1 h a f t e r  injection of the compound g r o s s  dilatation of m i c r o v e s s e l s  was observed,  the 
blood flow in them was slowed, and in some  p laces  an effect  of comple te  s t a s i s  was produced.  Foci  of 
m i c r o h e m o r r h a g e s  were  f requent ly  seen  in the region of the t e r m i n a l  af ferent  ve s se l s .  Af te r  3 h the blood 
continued to flow v i r tua l ly  only in the zones adjacent  to the t e rmina l  hepatic venules .  

The following types  of d is turbances  of the mic roc i rcu la t ion  were  detected b iomic roscop ica l ly  during 
the development  of acute diffuse hepati t is :  1) dilatation of the m i c r o v e s s e l s ,  mos t  m a r k e d  in the region of 
the t e rmina l  af ferent  v e s s e l s ,  with foci on m i c r o h e m o r r h a g e s ;  2) to ta l  and uni form dilatation of the s inu-  
soids throughout the lobule; 3) dilatation of the m i e r o v e s s e l s  only in the region of the t e r m i n a l  hepatic ven-  
ule. 

The types of microcirculatory disturbances described above were found in different parts of the liver 
of the same animal, interspersed with zones of visuallynormal appearance of the microvascular system. 
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Fig.  1 Fig. 2 

Fig.  1. L iver  of a ra t  with acute hepati t is  1.5 h a f t e r  injection of 
al lyl  fo rmate ;  diffuse pe rmea t ion  of l i ve r  cel ls  with luminescent  
bovine albumen (75 • 

Fig. 2. L ive r  of a ra t  with acute hepat i t is  2 h a f t e r  injection of al lyl  
fo rmate ;  luminescent  vacuoles  in cy top lasm of hepatocytes  (75 • 

This mosa ic  c h a r a c t e r  of damage  to the m i c r o v a s c u l a r  sy s t em of pa renchymatous  organs  has also been 
obse rved  in other  types  of pathology accompanied  by damage  to the t i s sue -b lood  b a r r i e r s  [3]. Les ions  of 
the m i c r o v a s c u l a r  bed of the in ternal  organs  (par t icular ly  the l iver)  of this type a r e  probably  a t t r ibutable  
to the physiological  he terogenei ty  of individual pa r t s  of the organ,  even at the level  of its s t ruc tu ra l  and 
functional units [4]. 

Heterologous luminescent  prote ins  with different m o l e c u l a r  weights were  used  as an indicator  of the 
s ta te  of v a s o - t i s s u e  pe rmeab i l i t y  of the ra t  l i ve r  a f t e r  the injection of al lyl  fo rma te .  Bovine a lbumin or  
globulin, labeled with f luoresce in  isothiocyanate,  was injected in t ravenously  1 h a f t e r  injection of the poison 
into the animals .  

The wr i t e r s  showed prev ious ly  [1] that  luminescent  heterologous pro te ins ,  if injected int ravenously ,  
can be found in the l ive r  of intact ra t s  only within the m i c r o v e s s e l s  and in Kupffer  cel ls ,  but they neve r  
pene t ra te  into the cy top lasm of the hepatocytes .  

Af te r  injection of heterologous luminescent  prote ins  into an imals  with acute diffuse hepat i t is ,  the 
following pic ture  was observed .  The appearance  of labeled prote ins  in the m i c r o v e s s e l s  of the affected 
l i ve r  was somewhat  r e t a rded  compared  with no rma l  as a resul t  of the development  of s t a s i s  and foci of 
m i c r o h e m o r r h a g e s .  Af ter  injection of labeled albumen into the animals ,  individual br ight ly  f luorescent  
hepatocytes ,  homogeneously  p e r m e a t e d  with protein,  appeared  within the f i r s t  10 rain. As a rule they were  
found in the region of af ferent  t e rmina l  v e s s e l s  (Fig. 1). Pa ra l l e l  with this ,  vacuoles  of var ious  s izes  be -  
gan to f luoresce  in some  hepatocytes .  Finely d i spe r sed  dus t - l ike  luminescent  granules  appeared  init ial ly 
in the pe r iphe ra l  pa r t s  of the hepatocytes  facing the sinusoids.  The granules  then became  l a r g e r  and began 
to r e s e m b l e  vacuoles  of var ious  s izes ,  s t i l l  with a tendency to lie along the m i e r o v e s s e l s  (Fig. 2). These  
cel ls  were  found only in the region of the afferent  ve s se l s  o r  they occu r r ed  throughout the lobule. As a 
rule,  the types of distr ibution of labeled prote in  in the hepatocytes  c o r r e l a t e d  with the topography of the 
m i e r o c i r c u l a t o r y  d is turbances  descr ibed  above. In some cases  the penet ra t ion  of labeled albumen into the 
bile cap i l l a r i e s  also was observed .  

The dynamics  of the dis tr ibut ion of labeled bovine globulin in the l i ve r  of ra t s  with acute diffuse hepa-  
t i t is  differed s ignif icant ly f rom that  descr ibed  above. Unlike the albumin, the labeled globulin remained  
ent i re ly  within the m i c r o v a s c u l a r  s y s t e m  as a luminescent  jux tamura l  layer ,  c l e a r l y  outlining the m i c r o -  
a rchi tec tonics  of the dilated s inusoids.  
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Intensive f luo rescence  of the network of super f ic ia l  lymphat ics  began to develop 5-10 rain a f t e r  the 
injection of luminescent  prote ins  (albumins and globulins) into the exper imen ta l  ra t s ,  and this f luorescence  
was m o r e  c l ea r ly  defined above the region of the t e rmina l  afferent  v e s s e l s .  

A d e c r e a s e  in the phagocytic function of the Kupffer  cells lining the m i e r o v e s s e l s  in zones with a 
d is turbed blood flow also was revea led  b iomie roscop ica l ly .  

The m i c r o c i r e u l a t o r y  d is turbances  during the development of acute hepati t is  occu r r ed  before  vis ible  
signs of injury to the pa r enehyma  in the spec imens .  Visible  changes did not appea r  until  1 h a f t e r  in t r a -  
venous injection of al lyl  fo rmate .  Loss  of the no rma l  t i s sue  s t ruc tu re  was obse rved  in the region of the 
t e r m i n a l  afferent  v e s s e l s ,  in places  the endothelium of the m i e r o v e s s e l s  was detached, and the D e s s e ' s  
spaces  were  somewhat  widened. Individual endothelial  cel ls  appeared  shrunken and pycnotic or ,  converse ly ,  
swollen and enlarged.  Signs of nec ros i s  were  seen in some of the hepatocytes .  

The changes desc r ibed  above  gradual ly  inc reased  in sever i ty ,  and a f t e r  3 h a dist inct  morphologica l  
p ic ture  of acute se rous  inf lammat ion of the l i ve r  developed (gross dilatation of the D e s s e ' s  spaces ,  desqua-  
mat ion of the endothelinm, a m a rked  dis turbance of the no rma l  s t ruc tu re  of the l iver ,  and nec ros i s  of the 
hepatoeytes) .  

A s i m i l a r  morphologica l  p ic ture  was obtained previous ly  a f t e r  local  injury to ce r ta in  a r e a s  of the 
s t ruc tu ra l  and functional unit of the l ive r  by UV rays  (mieroburns)  [1]. However,  b iomic roscopy  revea led  
a number  of d i f ferences .  F o r  instance,  during the development of acute diffuse inf lammation the phase  of 
cons t r ic t ion  of the hepatic m i c r o v e s s e l s ,  so c l e a r l y  observable  a f t e r  local  injury of the l iver ,  was absent.  
The hemodynamic  changes a f te r  local  exposure  to UV rays  were  m o r e  severe :  in the zone of injury p r a c -  
t ica l ly  no blood flow could be detected.  Vaso - t i s sue  pe rmeab i l i ty  in diffuse hepat i t is  was changed re la t ive  
only to a lbumins.  In local  inf lammation,  globulins also pene t ra te  into the hepatocytes .  

The di f ferences  in the cour se  of the ea r ly  phases  of development of acute local  and diffuse in f l amma-  
tion of the l i ve r  a r e  difficult to explain on the bas i s  of the w r i t e r s '  own observa t ions  and data published in 
the l i t e ra tu re .  Only a few hypotheses  can be submit ted.  

The uni formi ty  of the s t ruc tu ra l  changes in the l i ve r  a f t e r  exposure  to UV rays  and to the action of 
al lyl  f o rma te  is detectable  only at the level  of l ight -opt ica l  mic roscopy .  In invest igat ion of the l i ve r  at 
h igher  levels  of in tegra t ion of the o rgan i sm (in pa r t i cu la r ,  in u l t r a s t r u c t u r a l  analys is  of the morphologica l  
d is turbances)  definite d i f ferences  explaining the ways of penetra t ion of the globulins and albumins into the 
parenehymatous  ce l l s  of the l ive r  in the acute phase  of the in f l ammatory  react ion  can be detected.  

The mechan i sm of the ha rmfu l  action of the two agents chosen is different .  In UV i r rad ia t ion  all  
ce l lu la r  and subcel lu lar  s t r uc tu r e s  of the i r r ad ia t ed  zone of the s t ruc tura l - func t iona l  unit of the l ive r  a r e  
damaged s imul taneously ,  and a dis t inct ive "pa ra lys i s  of pe rmeab i l i ty"  develops:  the hepatocytes  a r e  p e r -  
mea t ed  with prote ins  i r r e spec t i ve  of t he i r  m o l e c u l a r  weight. The b iomic roscop ic  study shows that  f luo- 
r e scen t  m a t e r i a l  is not d is t r ibuted  along the cour se  of the damaged sinusoids,  but the whole of the affected 
pa renchyma  is s imply  p e r m e a t e d  diffusely with luminescent  globulin. 

As the p resen t  observa t ions  and those  of o ther  authors  show, during the toxic action of the cap i l l a ry  
poison al lyl  f o r m a t e  the endothelium suf fe rs  f i r s t  [2, 5], and changes in the parenchymatous  cel ls  develop 
somewhat  la ter .  This  m a y  indicate that during exposure  to allyl  f o r m a t e  only ce r ta in  links in the chain of 
b iochemica l  m e c h a n i s m s  of v a s o - t i s s u e  pe rmeab i l i t y  a r e  affected and others  r ema in  intact.  Because  of 
this the hepatocytes  (even if damaged) can evidently p r e s e r v e  some  degree  of se lec t iv i ty  of pe rmeab i l i ty ,  
admit tedly  d is tor ted  pathologically,  with r e spec t  to the prote in  molecule .  Albumins pene t ra te  into the 
parenchymatous  ce l l s  while globulins r ema in  in the m i e r o v e s s e l s .  
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