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A dis turbance of the rheological  p rope r t i e s  of the blood (the sludging syndrome) was r e -  
produced by injection of h igh-po lymer  dextran.  A combination of sludging with a d m i n i s t r a -  
tion of the va s ocons t r i c t o r  agent  v a s o p r e s s i n  led to i schemic  les ions  of the myoca rd ium 
(marked  depress ion  of succinate and lactate  dehydrogenase activity,  d is turbance of glycogen 
utilization) with s tas i s , and  diapedesis  of the leukocytes  in ce r ta in  organs,  mainly  in the lungs.  

The t e r m  sludging has been proposed  to descr ibe  a ma rked  dis turbance of the rheological  p rope r t i e s  
of the blood, cha rac t e r i zed  by an inc rease  in its v i scos i ty  and s imul taneous aggregat ion of the cel ls  [10]. 
A dis turbance of the cap i l l a ry  c i rcula t ion is accordingly observed  in sludging [1, 3, 7, 8, 9]. To reproduce  
aggregat ion of the blood cel ls  and an inc rease  in its v i scos i ty  (the sludging syndrome)  exper imenta l ly ,  dex-  
t r an  (tool. wt. of the o rde r  of 70,000-500,000) is used.  Simultaneous admin is t ra t ion  of a sludging agent 
(h igh-polymer  dextran) and of vasoac t ive  subs tances  to an imals  (e. g., albino ra t s )  i n c r e a s e s  the s eve r i t y  
of the m i c r o c i r c u l a t o r y  d is turbances  through aggregat ion of the blood ce l l s .  F o r  example ,  a f t e r  injection 
of h igh-po lymer  dextran (tool. wt.  500,000) in a dose of 1 g /kg  and of vasop res s in ,  focal i schemie  changes 
were  found in the myoca rd ium in rabbi t s  [4, 6]. 

Although a s ta te  s i m i l a r  to the sludging syndrome is observed  cl inical ly  in many  d i seases  (cardiogenic 
shock, pos topera t ive  and p o s t - t r a u m a t i c  s ta tes ,  a r t i f ic ia l  c irculat ion,  injection of x - r a y  con t ras t  substances ,  
e tc .  [2, 5, 7, 8, 10-12]) its pa th ,morpho logy  has not been adequately cons idered  in the l i t e r a tu r e .  

Fo r  the above reasons ,  an acute exper iment ,  the resu l t s  of which are  given below, was c a r r i e d  out to 
study the pa th .morpho logy  of the sludging syndrome~ 

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

Noninbred albino ra t s  of both sexes  weighing 250-280 g were  used.  The an imals  were  anes thet ized 
with urethane (20% solution, 0ol ml /100 g body weight, in t ramuscular ly)  and then divided into th ree  groups .  
The animals  of group 1 (8 ra ts)  r ece ived  an intravenous injection of 10% h igh-molecu la r -we igh t  (500,000) 
dext ran  in a dose of 100 rag/100 g body weight, the nine r a t s  of group 2 rece ived  v a s o p r e s s i n  in a dose of 
one p r e s s o r  unit/100 g body weight, and the 12 ra t s  of group 3 rece ived  h igh-molecu la r -we igh t  dextran i n t r a -  
venously  followed 1 h l a t e r  by v a s o p r e s s i n .  The an imals  were  decapi tated 15-30 rain a f t e r  injection of v a s o -  
p re s s in  and 1.5 h a f te r  injection of dextran.  Three intact r a t s  s e rved  as  the cont ro l .  Activity of succinate 
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Fig.  1. Deposit ion of f o rmazan  in sect ions  through m y o e a r d i u m  
of r a t s  showing act ivi ty  of succinate (C, D) and lactate  dehydro-  
genases  (A, B): A, C) l inear  a r r a n g e m e n t  of f o rmazan  in m y o -  
ca rd ium of control  r a t s ;  B, D) deposit ion of coa r s e ly  g ranu la r  
f o rmazan  a f t e r  admin is t ra t ion  of h igh-po lymer  dext ran  and v a s o -  
p r e s s i n  to animals ,  900x;  i m m e r s i o n .  

and lac ta te  dehydrogenases  [13] was de te rmined  in the myoca rd ium,  adrena l s ,  and thyroid  gland, and the 
glycogen content was de te rmined  in the myoca rd ium and l ive r  (PAS reac t ion  with d ias tase  control) .  Survey 
f i lms were  stained with Mal lo ry ' s  azan and by the combined method with fuchsel in for  e las t ic  t i s sue  and 
counters ta in ing  by Van Gieson 's  method.  The dis t r ibut ion of the leukocytes  was studied by Goldman 's  m e t h -  
od in su rvey  f i lms  s imul taneous ly  stained to show l ip ids .  The degree  of blood filling of the organs  was 
studied by E r o s '  method [14]. 

EXPERIMENTAL RESULTS 

Investigation of succinate and lactate dehydrogenase activity showed that formazan deposition at the 
sites of localization of the enzymes in the myocardium of the intact control animals was predominantly 
linear in form, and only occasionally was finely granular formazan seen (Fig. 1: A, B), in agreement with 
data in the literature. Foci in which formazan was deposited as large, coarse granules (coarsely granular 
formazan) were found 1 h after injection of dextran and 15-30 rain after injection of vasopressin alone. De- 
termination of lactate dehydrogenase activity showed similar but more marked changes. 

After combined administration of dextran and vasopressln, zones with a normal linear distribution of 
formazan were no longer found in the myocardium, but there were only occasional large coarse granules 
(Fig. I: B, D), indicating a sharp decrease in suceinate and lactate dehydrogenase activity, i.e., gross dam- 
age to the mi tochondr ia .  

Combined admin is t ra t ion  of dextran and v a s o p r e s s i n  led to a sharp  dec r ea se  in the act ivi ty  of the 
above enzymes  in the ad rena l s .  Side by side with the focal d i sappearance  of act ivi ty of these  dehydrogenases ,  
deposi ts  of coa r se ly  g ranu la r  f o rmazan  were  observed,  mainly  in the zona fase icu la ta  of the adrenal  cor tex .  
No changes were  found in succinate  or  lac ta te  dehydrogenase  ac t iv i ty  in the thyroid  gland. 
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Fig.  2. Accumulation of granulocytes 
in adventitia of venule in lung of rat  
with sludging syndrome.  Goldman's 
stain, 900x; immers ion .  

Despite the marked histochemical  evidence of myocardia l  
damage of an ischemic charac te r  following administrat ion of 
dextran and vasopress in  to the animals,  glycogen disappeared 
from the muscle  cells of the myocardium,  especial ly af ter  ad-  
minis trat ion of vasopress in  alone. In this same ser ies ,  the 
glycogen content of the l iver  was sharply reduced. After the 
combined administrat ion of dextran and vasopress in  glycogen 
was detected as small granules,  filling the cytoplasm of the 
muscle cells and hepatocytes uniformly.  

In sections stained by Goldman's method the lipid con- 
tent of the adrenal cor tex was reduced, especial ly af ter  admin-  
is t rat ion of vasopress in ,  and changes in the concentrat ions of 
leukocytes were observed in the t i ssues .  These occur red  in 
the animals of all three groups but were most  marked af ter  
the combined administrat ion of dextran and vasopress in .  A 
sharp increase in the leukocyte concentrat ion was found in the 
spleen, and in par t icular ,  in the lungs. In the lungs leukoeytes 
were found in the lumen of the capil lar ies ,  venules, and veins,  
as well as in lymphatic capi l lar ies .  Neutrophils formed cuffs 
in the adventitia of the veins, venules, and bronchi .  These ac -  
cumulations of granulocytes reached such an intensity (30 to 
40 granulocytes were found in a field of vision of the micro,- 
scope with a x 40 objective) that in places the picture simulated 

that of suppuration (Fig. 2). In some places the concentrat ions of leukocytes plugged the lumen of the v e n -  
ules and lymphatic capi l lar ies ,  simulating the picture of suppurative thrombophlebit is  and lymphangit is .  
Many leukocytes also were found in the alveolar  septa.  

Marked diapedesis of the leukocytes occur red  in the animals of all groups in the spleen, where the 
granulocytes accumulated at the per iphery  of the follicles and in the pulp. 

In the l iver  a few granulocytes (up to 10 per field of vision) were found in the lumen of the sinusoids, 
mainly in the animals of group 2, but diapedesis and stasis  of leukocytes in the l iver  were not charac te r i s t i c  
features  of the animals of groups 1 and 3. 

Diapedesis of the leukocytes in the brain  was ill-defined and granuloeytes were found in the substance 
of the slightly edematous meninges, while in the myocardium there was neither s tasis  nor  diapedesis of the 
leukocytes.  

By the use of elective stains (Mallory 's  azan, E ros '  stain) the redis tr ibut ion of blood among the o r -  
gans in the sludging syndrome was revealed.  The greates t  hemoconcentrat ion was found in the lungs to-  
gether with marked congestion of the capi l lar ies ,  with loci of diapedesis of blood into the lumen of the a l -  
veoli and into the adventitia of the small  veins and a r t e r i e s .  In all the experimental  animals the veins of 
the lungs showed a spast ic  response,  whereas  in other organs the blood vesse ls  (small muscu la r  a r t e r i e s  
and veins) were mainly in a state of n o r m o -  or dystonia. 

Marked hemoeoncentrat ion was also found in the l iver,  and congestion was observed in the sinusoids 
lying beneath the capsule and around the hepatic veins in the inter ior  of the organ.  

The resul ts  of this investigation thus confirmed those obtained ear l ie r  in P ro fe s so r  A, M. Chernukh's  
l abora tory  [4]: af ter  injection of a sludging agent together  with the vasocons t r i c to r  agent vasopress in ,  
changes charac te r i s t i c s  of coronary  a r te r ia l  spasm and hypoxia were found on the ECG. The sharp de-  
c rease  in suceinate and lactate dehydrogenase activity discovered in the present  investigation, manifested 
as replacement  of the l inear  a r rangement  of the formazan by single large granules,  can be interpreted as 
the resul t  of hypoxic injuries to the myocardia l  muscle cel ls .  

It is also important  to note that the morphological  findings confirmed the resu l t s  of a biochemical  
study of the myocardium during a combination of sludging and vasopress in  administrat ion [4]: a disturbance 
of the utilization of glycogen in the myocard ium also was detected biochemieally,  despite the hypoxia. A 
marked decrease  in the glycogen content in the myocardium of the animals was found only when vasopress in  
alone was given. It is interest ing to compare  the sharp decrease  in the lipid content of the adrenal cor tex 
under these conditions with this fact,  
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The most character is t ic  features of the morphology of the sludging syndrome in its acute stage were 
the isolated leukocytosis of specific organs, with stasis and diapedesis of the leukocytes and i rregular  
changes in hem.concentration. In the animals studied (rats) this process was localized predominantly in 
the lungs. 

These loci of localized leukocytosis can simulate focal suppuration, but the subsequent fate of these 
loci is not yet understood. 
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